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The Naval Postgraduate School (NPS) was estab-
lished to serve the advanced educational needs of the 
Navy. The broad responsibility of NPS is reflected in 
its stated mission:
To increase the combat effectiveness of commissioned officers 
of the naval service to enhance the security of the United States. 
In support of the foregoing, and to sustain academic excellence, 
fosters and encourages a program of relevant and meritorious 
research which both supports the needs of the Navy and Depart-
ment of Defense (DOD) while building the intellectual capital 
of the Naval Postgraduate School faculty.
To fulfill its mission, the Naval Postgraduate 
School advances innovation in the Navy and pre-
pares officers for employing new technologies. The 
research program at NPS supports the mission of 
graduate education. Research at NPS
• advances knowledge in a wide range of  
  disciplines relevant to DON/DOD; 
• maintains upper-division course content and 
  cutting-edge programs; 
• provides the opportunity for students to 
  demonstrate independent graduate-level 
  scholarship in their areas of study;
INTRODUCTION
The Naval Postgraduate School is pleased to present the dissertation, thesis, and capstone 
project report abstracts for unrestricted research completed in June 2018 by the 
graduating class.
• Civil-Military Relations 
• Combating Terrorism Strategy and Policy
• Defense Decision Making and Planning 
• Homeland Security and Defense 
• Security Studies
• Stabilization and Reconstruction
• National Security and Intelligence, Regional 
  Studies:
- Middle East, South Asia, Sub-Saharan Africa
- Far East, Southeast Asia, the Pacific
- Europe and Eurasia
- Western Hemisphere
School of International Graduate Studies (SIGS)
The unique programs and faculty expertise within SIGS seek to identify and address current and emerging security challenges and 
strengthen multilateral and bilateral defense cooperation between the United States and other nations. Areas of expertise range from 
nuclear nonproliferation to counterterrorism; from the history of war to emerging biological and cyber threats; and from the security 
aspects of political economy to international law. 
ACADEMIC PROGRAMS
MISSION
• challenges students with creative problem 
  solving experiences on DOD-relevant issues; 
• solves warfare problems; and
• attracts and retains quality faculty with 
  state-of-the-art expertise.
To meet its educational requirements, the Navy 
has developed a unique academic institution at NPS 
and via distance learning (DL) through specially tai-
lored academic programs and a distinctive educa-
tional experience tying academic disciplines to naval 
and joint warfighting applications. NPS has aligned 
its education and research programs to achieve three 
major goals: 
1. nationally recognized academic programs that 
support the operations of the Navy and Ma-
rine Corps, our sister services, and our allies; 
2. research programs that focus on the integra-
tion of education and research in support of 
current and emerging national security tech-
nologies and operations; and
3. executive and continuing education programs 
that support sustained intellectual innovation 
and growth throughout an officer’s career.
xii
• Applied Cyber Operations 
• Computer Science (residential and DL)
• Computing Technology (DL)
• Cyber Systems and Operations
• Cost Estimating and Analysis (DL)
• Electronic Warfare Systems (International)
• Human Systems Integration
• Identity Management and Cyber Security 
  (residential and DL)
• Information Sciences
• Information Systems and Operations
• Information Systems and Technology
• Information Warfare
• Joint C4I Systems
• Joint Information Operations
• Joint Operational Logistics
• Modeling, Virtual Environments, and  
  Simulation 
• Operations Analysis
• Remote Sensing
GSOIS delivers graduate-level education and conducts cutting-edge research in four non-traditional knowledge domains responsive 
to U.S. military needs: information science and technolog y, military computer science, military operations analysis and research, 
• Acquisition and Contract Management
• Advanced Acquisition Program
• Contract Management (DL)
• Defense Business Management
• Defense Systems Analysis
• Defense Systems Management
• Executive MBA (DL)
• Financial Management
• Information Systems Management
• Material Logistics Support
• Manpower Systems Analysis
• Program Management (DL)
• Supply-Chain Management
• Systems Acquisition Management
• Transportation Management
Graduate School of Business and Public Policy (GSBPP)
GSBPP reflects the management side of national defense in support of operational requirements, with programs open to the U.S. 
uniformed services, DOD employees and contractors, federal employees, and international military and government employees. An 
integrated civilian and military faculty focuses on defense organizations, system applications, and instruction supported by extensive 
defense-oriented research. 
Graduate School of Engineering and Applied Sciences (GSEAS)
GSEAS provides advanced education in engineering and applied sciences while developing technological advances with strict ap-
plication to DOD needs, thus setting it apart from civilian graduate schools of engineering. It is focused on preparing the next 
generation of U.S. and international leaders, military and civilian alike, for the uncertainties and challenges of a rapidly changing 
technological world.
• Applied Mathematics
• Combat Systems Sciences and Technology
• Electronic Systems Engineering (residential 
  and DL)
• Mechanical Engineering for Nuclear-trained 
  Officers (DL)






  Engineering (DL)
• Space Systems Engineering
• Space Systems Operations  
  (residential and DL)
• Systems Engineering (residential and DL)
• Systems Engineering Management (DL)
• Undersea Warfare 
• Underwater Acoustic Systems (DL)
Office of the Provost
The Office of the Provost provides oversight to a specialized degree program that leads to a master of sci-
ence in systems engineering analysis. Students benefit from cross-disciplinary course offerings and research op-
portunities found in GSEAS systems engineering and GSOIS systems and operational analysis curricula. 
• Systems Engineering Analysis
xiii
Independent scholarly work in the form of a dissertation (PhD), thesis (master’s/engineer), or capstone project 
is required for most academic programs. Student research projects address issues ranging from the current 
needs of the fleet and joint forces to the science and technology required to sustain long-term superiority of 
the Navy and DOD. Guided by faculty advisors, NPS students represent a vital resource within the DOD for 
addressing war-fighting problems and maintaining cutting-edge expertise, particularly in a time when tech-
nology and information operations are changing rapidly. Naval Postgraduate School alumni think innovatively 
and possess the knowledge and skills to apply nascent technologies in the commercial and military sectors. 
Their firsthand grasp of operations, when combined with challenging projects that require them to apply their 
focused graduate coursework, is one of the most effective elements in solving fleet, joint-force, and regional 
problems. NPS graduate education encourages a lifelong capacity for applying basic principles and creative 
solutions to complex problems. NPS is also unique in its ability to conduct classified research. Classified theses 
are available on the NPS SIPRNet.
STUDENT RESEARCH
Source: Naval Postgraduate School Public Affairs Office
The student body consists of U.S. officers from all 
branches of the uniformed services, civilian employ-
ees of the federal government, and international mili-
tary officers and government civilians. The student 
population distribution for June 2018 is shown in 
Figure 1.
STUDENT POPULATION
Figure 1: Total enrollment by student type for the third quarter of 




Curricula meet defense requirements within the traditional degree framework through residential or distance-
learning programs. The curricula listed below lead to master's, engineer, or doctor of philosophy degrees. NPS 























• Identity Management and 
Cyber Security
• Security Studies
Master of Business 
Administration
• Master of Business Administration
• Executive Master of 
Business Administration
 
Master of Computing 
Technology







Master of Human 
Systems Integration
Master of Science





• Combat Systems Technology
• Computer Science
• Contract Management
• Cyber Systems and Operations
• Defense Analysis
• Electrical Engineering




• Human Systems Integration
• Information Strategy and Political 
Warfare
• Information Technology Management





• Meteorology and Physical Oceanography
• Modeling, Virtual Environments, and 
Simulation






• Remote Sensing Intelligence
• Software Engineering
• Space Systems Operations
• Systems Engineering
• Systems Engineering Analysis
• Systems Engineering Management
• Systems Technology
Master of Systems Analysis
Source: NPS Public Affairs Office
Source: NPS Public Affairs Office
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JUNE 2018 DEGREES CONFERRED
Figure 2. Distribution of degrees conferred by academic school, June 2018
(unrestricted theses)
The June 2018 graduating class produced 171 unrestricted dissertations, theses, and capstone project reports as 
part of the graduation requirement. Figure 2 indicates the distribution of degrees awarded by academic school.
Source: NPS Public Affairs Office
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ACADEMIC AWARDS ANNOUNCED JUNE 2018
Many departments honor graduating students for the quality and contributions made by their dissertations, 
theses, or capstone reports. The following listing recognizes students selected by NPS faculty and military 
associations for superior academic achievement and outstanding theses.
Campus-wide
• Monterey Council Navy League Award for Highest Academic Achievement: Commander 
 Christopher James Angelopoulos, USN—Outstanding Thesis: Efficiency and Precision Experimentation for 
 Augmented Reality Cued Maintenance Actions
• Association of the United States Army, General Joseph W. Stilwell Chapter, Award for Outstanding Army 
 Student: Major Philip Swintek, USA—Outstanding Thesis: Critical Vulnerabilities in the Space Domain: Using 
 Nanosatellites as an Alternative to Traditional Satellite Architectures
• Surface Navy Association’s Award for Excellence in Surface Warfare Research: Lieutenant Ryan Ferrao, 
 USN—Outstanding Thesis: Underwater Masked Carrier Acoustic Communication: Modeling and Analysis
• Naval Postgraduate School Outstanding Academic Achievement Award for International 
 Students: Lieutenant Leander van Schriek, Royal Netherlands Navy—Outstanding Thesis: Evaluating 
 Effectiveness of Directional Acoustic Modems Integrated onto Autonomous Platforms
Graduate School of Business and Public Policy (GSBPP)
• Louis D. Liskin Award for Excellence in Management: Mr. James Kiesling, Army Corps of Engineers
• Naval Supply Systems Command Award for Academic Excellence in Management: Lieutenant 
 Commander Andrew Mikesell, USN—Outstanding Thesis: Air Force Integrated Solid Waste Management 
 Procurement Analysis (co-authors listed on the following page)
• CDR Philip A. Murphy-Sweet Memorial Award for Excellence in Acquisition: Mr. Chester Swiszcz, 
 Graduate School of Business and Public Policy
• Rear Admiral Donald R. Eaton Logistics Award for Outstanding Achievement: Lieutenant Kenneth 
 Swing, USN
• Conrad Scholar Award for Distinguished Academic Achievement in Financial Management: Lieutenant 
 Commander Matthew Lorge, USN—Outstanding Thesis: Comparison of Naval Acquisition Efficiency between 
 the United States and China; and Lieutenant Timothy Whitney, USN
• Army Acquisition Corps Award for Scholastic Achievement: Captain Shane Kohtz, USA
Graduate School of Engineering and Applied Sciences (GSEAS)
• Space Systems Operations Award for Academic Excellence: Major Philip Swintek, USA
• AFCEA John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor Award: 
 Ensign Jacob Melton, USN
• Admiral William Adger Moffett Space Systems Award: Lieutenant Commander Rhett Begley, USN
• 2018 Warren Randolph Church Award for Excellence in Mathematics: Captain Nicholas Koeppen, USMC
• Space Systems Engineering Award for Academic Excellence: Captain Nicholas Koeppen, USMC
• Space and Naval Warfare Systems Command Award in Electronic Systems Engineering: Captain 
 Benjamin Brida, USMC
• Naval Sea Systems Command Award for Excellence in Combat Systems: Lieutenant Commander Alex 
 Baynes, USN
• Naval Sea Systems Command Award in Naval/Mechanical Engineering: Lieutenant Joshua Bowling, 
 USN—Outstanding Thesis: Fluid-Filled Structure with Multiple Composite Compartments Subjected to Low-Velocity 
 Impact
• Oceanographer of the Navy Award for Outstanding Academic Performance in Meteorology and 
 Oceanography: Lieutenant Kellen Jones, USN—Outstanding Thesis: Application of Bayesian Statistical Post- 
 Processing Techniques to Probabilistic Nowcasts of Ceiling Height and Visibility
• Johns Hopkins Applied Physics Laboratory Award for Excellence in Applied Physics Research: Captain 
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DOCTOR OF PHILOSOPHY
THE DISTANCE CENTRALITY:  MEASURING STRUCTURAL 
DISRUPTION OF A NETWORK
Jonathan W. Roginski, Lieutenant Colonel, United States Army
Doctor of Philosophy in Applied Mathematics
Dissertation Supervisor: Ralucca Gera, Department of Mathematics
Dissertation Committee Member: David L. Alderson Jr., Department of Operations Research
Dissertation Committee Member: Sean F. Everton, Department of Defense Analysis
Dissertation Committee Member: Gerry Baumgartner, Integrated Satellite & Link 
Communications Division
Dissertation Committee Member: David Arney, United States Military Academy
Dissertation Committee Member: Carlos F. Borges, Department of Applied Mathematics
Dissertation Committee Member: Craig W. Rasmussen, Department of Applied Mathematics
This research provides an innovative approach to identifying the influence of vertices on the topology of a 
graph by introducing and exploring the neighbor matrix and distance centrality. The neighbor matrix depicts 
the “distance profile” of each vertex, identifying the number of vertices at each shortest path length from the 
given vertex. From the neighbor matrix, we can derive 11 oft-used graph invariants. Distance centrality uses 
the neighbor matrix to identify how much influence a given vertex has over graph structure by calculating the 
amount of neighbor matrix change resulting from vertex removal. We explore the distance centrality in the 
context of three synthetic graphs and three graphs representing actual social networks. Regression analysis 
enables the determination that the distance centrality contains different information than four current cen-
trality measures (betweenness, closeness, degree, and eigenvector). The distance centrality proved to be more 
robust against small changes in graphs through analysis of graphs under edge swapping, deletion, and addition 
paradigms than betweenness and eigenvector centrality, though less so than degree and closeness centralities. 
We find that the neighbor matrix and the distance centrality reliably enable the identification of vertices that 
are significant in different and important contexts than current measures.
See full thesis text: https://calhoun.nps.edu/handle/10945/59576
Keywords: network, graph, neighbor matrix, distance centrality, graph topology, attack and defense, disrup-
tion, percolation, robustness, simulation
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SCATTERING OF LOW-FREQUENCY SOUND BY COMPACT 
OBJECTS IN UNDERWATER WAVEGUIDES
Alexander B. Baynes, Lieutenant Commander, United States Navy
Doctor of Philosophy in Applied Physics
Dissertation Supervisor: Oleg A. Godin, Department of Physics
Dissertation Committee Member: James H. Luscombe, Department of Physics
Dissertation Committee Member: Clyde L. Scandrett, Undersea Warfare Academic Group
Dissertation Committee Member: Kevin B. Smith, Department of Physics
Dissertation Committee Member: Dragoslav Grbovic, Department of Physics
This dissertation considers the two-dimensional problem of the scattering of a monochromatic cylindrical 
wave by an infinite cylinder embedded in a homogeneous fluid. The exact solution is expressed as an infinite 
series of cylindrical functions with complex amplitudes determined by the acoustic boundary conditions at the 
surface of the cylinder. New closed-form uniform asymptotic solutions for soft, hard, impedance, fluid, and 
solid cylinders are derived for the scattered field when the radius of the cylinder is small compared to wave-
length—i.e., the Rayleigh scattering regime. The scattered wave approximation is valid for arbitrary source 
and observation point positions outside the scatterer. The approximate solution is expressed as the sum of 
fields due to three linear image sources, which allows physical insight into the scattering physics and suggests 
analytic solutions to various multiple-scattering problems. When a target is located close to the ocean surface 
or another reflecting boundary, reflections of the incident and single-scattered waves from the boundary lead 
to multiple scattering from the target, with the target being insonified by virtual sources. The virtual source 
concept and the derived asymptotics are employed to develop an analytic and numerically efficient model for 
wave scattering by a target near an interface.
See full thesis text: https://calhoun.nps.edu/handle/10945/59656
Keywords: Rayleigh scattering, image source solutions, asymptotic theories, diffraction, multiple scattering
FAILURE MODEL FOR FIBROUS COMPOSITES USING MULTISCALE MODELING
Joseph Darcy, Commander, United States Navy
Doctor of Philosophy in Mechanical Engineering
Dissertation Supervisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Dissertation Committee Member: Anthony J. Gannon, Department of Mechanical and 
Aerospace Engineering
Dissertation Committee Member: Jeremy E. Kozdon, Department of Applied Mathematics
Dissertation Committee Member: Erick S. Alley, Department of Mechanical and 
Aerospace Engineering
Dissertation Committee Member: John Molitoris, Lawrence Livermore National Laboratory
Dissertation Committee Member: Joshua H. Gordis, Department of Mechanical and 
Aerospace Engineering
An established multiscale model for materials is used as the basis for a failure model for fiber composites. The 
model’s computation is explained so that its results can be used to formulate the inputs to the failure model. 
The failure model proposed employs homogenization and disaggregation methods that are enabled by micro-
scale modeling of the material’s constituents. This failure model is then used to define strength reductions in 
the composite at the micro-level. The strength reductions enable the definition of a progressive failure meth-
odology for application to the micro-scale, and ultimately, the macro-scale composite. The failure model, the 
degradation model, and the multi-scale model they are based upon are combined in a computational program 
for inclusion in finite element software for efficient solving and prediction of intact and failed composite 
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structural response. The model is then tested against existing experimental data as well as by experiments 
conducted by the author.
See full thesis text: https://calhoun.nps.edu/handle/10945/59644
Keywords: composite failure, multiscale composite model, worldwide failure exercise, WWFE, fiber compos-






THE PRINCIPAL-AGENT PROBLEM AND PRO-GOVERNMENT 
MILITIAS: CASES FROM COLOMBIA AND PERU
Rachel M. Althouse, Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Christopher N. Darnton, Department of National Security Affairs
Second Reader: Thomas H. Johnson, Department of National Security Affairs
States (principals) frequently employ pro-government militias (agents) in low-intensity conflicts with mixed 
results. In some cases, principal and agent interests diverge, or the principal loses control over its agent, which 
devolves into an autonomous terrorist, warlord, or criminal organization. Looking at historical cases of Latin 
American pro-government militias from Colombia (Self-Defense groups, Convivirs, and Hometown Soldiers) 
and Peru (Rondas Campesinas), this thesis examined the principal-agent problem in the context of state-spon-
sored, pro-government militias and answered the following question: How do sponsor states succeed or fail 
in maintaining positive control and influence over pro-government militias? States fail when they grant too 
much autonomy and firepower to militias and succeed when they limit militias’ autonomy by subjecting them 
to a tailored combination of control mechanisms: monitoring, screening, sanctions, and rewards. Cases from 
Colombia and Peru demonstrate that the best way to control militias and employ them in counterinsurgency is 
by incorporating them as legitimate auxiliaries of the armed forces. Incorporation of a militia into the armed 
forces greatly reduces the principal-agent problem, the associated risk of diverging interests and objectives, 
and the future pain of demobilization. Arming militias with restricted-use weapons, outsourcing their financ-
ing to private benefactors, and granting them too much autonomy is a recipe for disaster.
See full thesis text: https://calhoun.nps.edu/handle/10945/59551
Keywords: pro-government militias, militias, paramilitaries, warlords, self-defense forces, autodéfenses, civ-
il defense forces, Rondas Campesinas, counterinsurgency, civil wars, Low Intensity Conflict, ungoverned 
spaces, weak states, para-institutional, para-states, death squads, vigilantism, Convivir, Colombia, Peru, Latin 
America, principal agent problem, agency dilemma, Cold War, guerrillas, delegation, incentives, non-state ac-
tors, auxiliary forces, civil-defense committees.
REFORM OF SENEGALESE GENDARMERIE INTELLIGENCE SERVICES
Muhammad Bathily, Captain, Senegalese Gendarmerie
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Cristiana Matei, Center for Civil-Military Relations
Second Reader: Carolyn C. Halladay, School of International Graduate Studies
The National Gendarmerie in Senegal, which is a hybrid military and law-enforcement force, is an institu-
tion inherited from colonial France. Since Senegal’s independence on April 4, 1960, the main role has been 
to ensure the security of Senegal’s people and their properties. The current security context in the country 
and abroad—characterized by such complex and multiform threats as terrorism and transnational organized 
crime—has prompted Senegalese policy makers to increase the gendarmerie’s current role in fighting these 
types of security dangers. Nevertheless, neither the gendarmerie nor its intelligence services are properly 
designed to fulfill this role effectively, due to the lack of adequate structures and too few trained personnel. 
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The gendarmerie also lacks units specialized in intelligence analysis, except for the documentation division. 
Against the background of these shortcomings, and faced with the persistent security crisis in neighboring 
Mali, Senegal is seeking to overhaul its intelligence services, so as to respond more effectively to such threats 
while also preserving the standards of democracy. Based on a review of the relevant literature and a compari-
son study of reforms in the French National Gendarmerie, this thesis recommends steps to ensure successful 
reform of the Senegalese Gendarmerie intelligence services.
See full thesis text: https://calhoun.nps.edu/handle/10945/59645
Keywords: intelligence, gendarmerie, Senegal, Africa, West Africa, law enforcement, terrorism, reform, secu-
rity, France
FOUNDATIONS FOR ECONOMIC DEVELOPMENT IN LATIN AMERICA
Patrick Beville, Captain, United States Air Force
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Naazneen H. Barma, Department of National Security Affairs
Second Reader: Christopher N. Darnton, Department of National Security Affairs
Theory attempting to explain poverty and development is vast, varied, and, in many ways, inconclusive. In 
this thesis, I review core literature on the Industrial Revolution and the rise of Western Europe and the Asian 
Tigers, finding that their economic development rested on a cycle of three fundamental principles: rule of law, 
access to capital, and strong, yet restrained, bureaucratic capacity. With an emphasis on Latin America, I then 
conduct a two-step analysis to determine the universal applicability of these factors. First, I analyze the imple-
mentation and outcomes of import substitution industrialization, finding an ambiguous correlation between 
this landmark set of economic policies and economic outcomes. Second, I develop a case study of Mexico that 
demonstrates a strong correlation between economic development and the three underpinnings of rule of law, 
access to capital, and strong, yet restrained, bureaucratic capacity. The thesis concludes that these three factors 
are universally crucial for sustained growth and development. This research also finds that the institutions 
that provide for these principles can take vastly different forms, and, in doing so, it joins a growing body of 
scholarship that emphasizes the significance of institutional function over institutional form.
See full thesis text: https://calhoun.nps.edu/handle/10945/59678
Keywords: economic development, Industrial Revolution, fundamental factors, Latin America, rule of law, 
access to capital, bureaucratic capacity, inequality, poverty, Mexico, Great Divergence, import substitution 
industrialization
CIVIL LIBERTIES IN THE ABSENCE OF LEGISLATIVE INTELLIGENCE 
OVERSIGHT: LESSONS LEARNED FROM URUGUAY
Alejandro M. Bihar, Captain, United States Air Force
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Cristiana Matei, Center for Civil-Military Relations
Second Reader: Tristan J. Mabry, Department of National Security Affairs
This thesis analyzes contemporary civil-military relations in Uruguay with respect to its intelligence organi-
zations. Uruguay operated for 12 years under military dictatorship until 1985, when the country peacefully 
transitioned to democracy. During the military rule, the Uruguayan intelligence agency, Service of Defense 
Information, conducted countless human rights violations, including torture, non-judicial killings, and disap-
pearances in support of domestic prerogatives and regional military operations. Despite military constraints, 
the nation returned to democratic rule. The advancements in rule of law, civil and political society, and flour-
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ishing democratic institutions led experts to conclude that Uruguay had achieved consolidation of democracy 
by 1992. Given the past atrocities of the Uruguayan intelligence agency, this research seeks to understand how 
a lack of formal legislative intelligence oversight impacts civil liberties and public perception of intelligence 
in Uruguay. Using a civil-military relations framework for analysis of civilian control, effectiveness, and intel-
ligence culture, this thesis concludes that in the absence of formal mechanisms of democratic institutional 
oversight and control, informal mechanisms will emerge in the protection of civil liberties.
See full thesis text: https://calhoun.nps.edu/handle/10945/59689
Keywords: intelligence, civil liberties, oversight, legislative, democracy, Uruguay, civil-military relations, con-
trol, CMR
JUST-IN-TIME TRAINING CONSIDERATIONS FOR RURAL 
EMERGENCY OPERATIONS CENTERS
Tiffany C. Brown, Director, Clatsop County (Oregon) Emergency Management 
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Lauren S. Fernandez, Center for Homeland Defense and Security
Co-Advisor: Erik J. Dahl, Department of National Security Affairs
Redundancy is one of the tenets of emergency management because it helps promote resilience. Agencies 
create redundant plans, communication methods, power systems, and locations with which to manage emer-
gencies, mitigate natural hazards, and plan for catastrophic threats. Even though Incident Command System 
(ICS) training guidance indirectly discourages implementing just-in-time training ( JITT) for the ICS by ex-
clusively encouraging advanced training, this thesis puts practicality before protocol to consider the use of ICS 
in a rural emergency operations center in a region prone to severe weather events and natural hazards, and it 
suggests that a redundant training system can increase resilience. By implementing a JITT program for times 
when traditional ICS training is not a practical solution, an emergency operations center (EOC) manager can 
maintain continuity for the ICS while utilizing personnel resources effectively. A carefully considered JITT 
program can effectively augment traditional ICS training within EOCs to increase resilience, particularly for 
rural emergency operation centers prone to catastrophic events and ensuing staff shortages.
See full thesis text: https://calhoun.nps.edu/handle/10945/59633
Keywords: just-in-time training, JITT, emergency operations center, EOC, ICS training, Cascadia, rural
GDP-BASED BURDEN SHARING IN NATO: THE POLITICS OF DEFENSE FINANCING 
Albert J. Drones, Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Co-Advisor: Donald Abenheim, Department of National Security Affairs
The NATO Allies agreed at the September 2014 Wales Summit to spend at least two percent of their gross 
domestic products (GDPs) on defense by 2024. This commitment has become a point of contention among 
the Allies and a distraction from the imperative of improving the Alliance’s burden sharing system. The GDP-
based burden sharing policy has not proven to be effective or fair, and its implementation has been subject to 
national political and economic constraints. NATO as a whole has struggled to sufficiently fund the capabili-
ties necessary for its mission effectiveness, even as individual Allies (above all, the United States) have spent 
enormous amounts on defense. At the same time, some Allies have made significant security contributions—
e.g., basing facilities and aid for migrants—that have not shown up in their defense budgets. The disputes over 
burden sharing have divided the Allies and threatened to further undermine their consensus. U.S. Secretary 
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of Defense James Mattis has proposed an approach to burden sharing that would tailor defense spending 
plans to the unique contributions of individual Allies and focus on strengthening the Alliance’s cohesion and 
effectiveness.
See full thesis text: https://calhoun.nps.edu/handle/10945/59649
Keywords: burden sharing, NATO, two percent, GDP
FOREIGN-BACKED CLIENTS AND LEGITIMACY: THE POLITICAL 
DEVELOPMENT OF IRAQ’S SHIITE MILITIAS (2005–2018)
Mohamad El Habech, Major, Lebanese Army
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Afshon P. Ostovar, Department of National Security Affairs
Second Reader: Glenn E. Robinson, Department of Defense Analysis
From fighting occupying foreign forces to successfully combating ISIS (Islamic State in Iraq and Syria) across 
two countries, Iraqi Shiite militias appear to be transforming into a formal military with a transnational 
reach. What are the implications of the continued formalization of these militias in Iraq, especially since their 
incorporation into the Popular Mobilization Forces (PMF)—an umbrella organization that serves as an of-
ficial auxiliary to Iraq’s regular military but which has taken the lead in much of the fighting in the country’s 
war against ISIS since 2015? The presence of a foreign patron affects an armed group’s legitimacy, which we 
break down into three levels: popular legitimacy, legitimacy in domestic politics, and international legitimacy. 
Because some of the militias in the PMF are clients of Iran, this thesis argues that their close ties to Iran have 
had a broadly negative impact on their national standing and have limited their potential impact on the forma-
tion of the post-war Iraqi state.
See full thesis text: https://calhoun.nps.edu/handle/10945/59651
Keywords: state building, Iraq, Shiite militia, Iran, PMF, PMU, Popular Mobilization Forces, Middle East, 
militias, armed groups, ISIS, proxies, Hashd, Hashd al-Shaabi, Hashd al-Sha’bi
OUT FROM PROHIBITION’S SHADOW: ALTERNATIVE 
DRUG POLICY AND MEXICAN STABILITY
Ryan Evans, Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Co-Advisor: Robert E. Looney, Department of National Security Affairs
The purpose of this thesis is twofold: to determine the success of alternative drug policy and to provide a 
foundation for better assessment of drug policy success in promoting stability. Mexico has the world’s most 
lucrative drug trafficking corridor. Decades of militarized prohibitionist drug eradication and interdiction 
have destabilized Mexico and have actually contributed to its favorable drug trafficking environment. How-
ever, alternative drug policies may offer a shift from this vicious circle. In light of this, this thesis pursues this 
question: How do North American alternative drug control policies affect Mexican stability? The problem is 
complex. I focus particularly on the effects of marijuana legalization and drug decriminalization on Mexican 
stability. I use an incentives-based systems approach to the actors involved and incorporate the factors of geo-
politics, political decentralization, free-market capitalism, and complex interdependence to develop a founda-
tion for a more comprehensive analysis. I find that the Sinaloa cartel has been the most affected by legalization 
and that legalization has potentially made organized crime less profitable in general. Alternative drug policies 
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do indeed affect Mexican stability, but the effects vary significantly. The United States and Mexico should fo-
cus efforts on developing a model for more comprehensive analysis of complexities of the illicit environment.
See full thesis text: https://calhoun.nps.edu/handle/10945/59653
Keywords: stability, regional stability, Mexico, complex interdependence, interdependence, stigmergy, deviant 
innovation, border security, drugs, narcotics, counternarcotics, cartel, drug trafficking organization, DTO, 
illicit trade, legalization, marijuana, heroin, cocaine, trafficking, cultivation, interdiction, eradication, Merida 
Initiative, Beyond Merida, harm reduction, decriminalization, development, dependencia, dependency theory, 
globalization, corruption, decentralization, Latin America
CRYPTOCURRENCY AND STATE SOVEREIGNTY 
Ryan L. Frebowitz, Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Shannon A. Brown, Department of National Security Affairs
Second Reader: Erik J. Dahl, Department of National Security Affairs
Since Bitcoin’s release in late 2008, cryptocurrency has grown and proven itself as a disruptive technology, 
resistant to sovereign law and international financial regulations, and an alternative to the sovereign state’s 
concept of fiat money. The Wild West nature of cryptocurrency has enabled a number of individuals, criminal 
organizations, terrorist groups, and sovereign states to use Bitcoin, among other cryptocurrencies, to avoid 
detection, interference, or punishment from regulatory agencies to commit actions such as money launder-
ing, trafficking narcotics, purchasing weapons, and bypassing international sanctions. This thesis addresses 
the disruptive nature of cryptocurrency by asking what legislative options are available to sovereign states 
to maximize the effectiveness of sovereign laws while limiting undesired cryptocurrency use. To tackle this 
question, this thesis breaks down the legislative actions countries may take into three categories—prohibition, 
regulation, and adoption—to investigate the benefits, limitations, and effects of each policy. By examining the 
legislative actions of countries like China, the United States, and Russia, this thesis finds that sovereign states 
have had limited success in preventing illicit cryptocurrency use; however, without implementing a refined, 
multifaceted global regulatory standard for cryptocurrency transactions in the near future, cryptocurrency 
will remain an unchecked means to transact on an international scale.
See full thesis text: https://calhoun.nps.edu/handle/10945/59663
Keywords: cryptocurrency, cryptocurrencies, virtual currency, virtual currencies, Bitcoin, state sovereignty, 
banning cryptocurrency, economic and financial regulations, adopting cryptocurrency, blockchain
DEVELOPMENT OF STRATEGIC COMMUNICATION POLICY FOR COUNTERING ISIS 
RECRUITMENT IN THE UNITED STATES: LESSONS FOR THE REPUBLIC OF AZERBAIJAN
This paper has been recognized as outstanding by its department.
Emin Gurbanbayov, Colonel, Azerbaijan Army 
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Tristan J. Mabry, Department of National Security Affairs
Second Reader: Thomas H. Johnson, Department of National Security Affairs
The comparative research investigates differences between the United States’ and Azerbaijan’s applications of 
strategic communications to counter terrorist recruiting. The key differences lie in cultural and religious nar-
ratives as well as target audiences. The U.S. Constitution formally protects freedom of speech and freedom 
of religion, and the anti-terrorism strategic communications of the U.S. government do not generally target 
a domestic audience. Azerbaijan formally and informally protects historically established religious traditions, 
10
SECURITY STUDIES
insofar as those traditions guarantee non-violence. This requires regulation of religious freedom by Azerbai-
jani policy makers. These differences are due not only to the religious dissimilarity between the countries 
but also to institutional legacies. Whereas the United States has prioritized the freedom of expression in its 
organization of strategic communications, the government of Azerbaijan has constructed narratives of multi-
culturalism countering religious radicalization. The lessons from how U.S. institutions emphasize freedom of 
expression in their strategic communications to counter terrorist recruiting may help Azerbaijan boost the ef-
fectiveness of its domestic propaganda. This research uses concepts from counterterrorism, communications, 
political science, history, and sociology, and draws from academic literature, policy documents, and media 
materials in English, Azerbaijani, and Russian.
See full thesis text: https://calhoun.nps.edu/handle/10945/59673
Keywords: Administration of the Caucasus Muslims,  al-Qaeda, atheism, Azerbaijanism, Committee on Public 
Information, countering violent extremism, counterterrorism, Dabiq, existential threat, Gulustan agreement, 
House un-American Activities Committee, ISIS, media, multiculturalism, Nagorno-Karabakh, Nardaran, 
narrative, Nowruz, Office of War Information, pir, propaganda, radicalization, Safavi, Salafi, selling a war, 
Shi’a, Strategic Communication, terrorist recruitment, Wahhabi, Zoroastrianism
FOREIGN POLICY UNDER PRESIDENT AL-SISI
John Haddad, Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: James A. Russell, Department of National Security Affairs
Co-Advisor: Afshon P. Ostovar, Department of National Security Affairs
President al-Sisi’s regional foreign policy decisions have taken a different approach compared to past Egyptian 
presidencies. Understanding where Egypt is headed and the backbone of al-Sisi’s foreign policies is important 
not only for U.S. interests in the Middle East and North Africa, but also for regional security and stability. This 
thesis attempts to explain how and why al-Sisi makes his foreign policy decisions by examining his policies on 
three ongoing conflicts: the Gaza Strip, the Syrian crisis, and the Yemeni civil war. Additionally, this thesis 
examines and compares previous Egyptian presidents’ foreign policies with al-Sisi. Within these case studies, 
three hypotheses are tested: that al-Sisi’s foreign policy concentrates on protecting the regime and supporting 
its interests, that al-Sisi’s foreign policy concentrates on protecting national interests and improving quality of 
life for Egyptians, or a combination of the two. While regime and national interests differ in each case study, 
al-Sisi has demonstrated that he takes into account both factors in his foreign policy decision-making. The 
lessons learned from these case studies can assist U.S. leadership and policymakers in predicting how al-Sisi is 
likely to approach new challenges in the Middle East.
See full thesis text: https://calhoun.nps.edu/handle/10945/59674
Keywords: Sisi, al-Sisi, Egypt, Egyptian foreign policy
WHY DO AMERICANS GO ABROAD TO FIGHT IN FOREIGN CONFLICTS?
Alphonso Harris, Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Mohammed M. Hafez, Department of National Security Affairs
Second Reader: Daniel T. Cunningham, Department of Defense Analysis
Why do Americans travel abroad to fight in civil conflicts? Since proclaiming the caliphate in 2014, the Islamic 
State (ISIS) has been recruiting men and women to the battlefields of Syria and Iraq from countries around 
the world. This study explores why American men and women volunteered to join ISIS and leave behind their 
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families, their friends, and the comforts of American society. The profiles reviewed in the thesis were built 
from open-source documents. Three drivers were explored to explain this phenomenon: integration deficit, 
social media, and network connections. This study concluded that bidirectional social media use and social 
network connections were present in most of the cases surveyed.
See full thesis text: https://calhoun.nps.edu/handle/10945/59679
Keywords: foreign fighters, American foreign fighters, civil conflicts, integration deficit, social media radical-
ization, peer-to-peer networks, lone wolves, radicalization, Muslim, Azzam, Awlaki, caravan
IMPROVING INFORMATION SHARING IN THE NEW YORK 
CITY HOMELAND SECURITY COMMUNITY
Kevin P. Harrison, Battalion Chief, New York City Fire Department 
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Glen L. Woodbury, Center for Homeland Defense and Security
Co-Advisor: Thomas S. Anderson, U.S. Army TRADOC Analysis Center
Information sharing during complex large-scale emergencies continues to challenge New York City (NYC) 
agencies. Despite both local and national mandates for emergency response after 9/11, information sharing 
between and within agencies is limited. A conceptual model-based approach is proposed for multi-agency 
information-sharing challenges during large-scale emergency incidents. A case study of the 2017 Hurricane 
Maria response in Puerto Rico by NYC agencies within the larger federal response to evaluate the current 
information-sharing environment highlights the need for more effective information sharing during large 
events. The case study used the Urban Search and Rescue New York Task Force 1, the New York City Fire 
Department Incident Management Team, and the NYC Department of Buildings as representative NYC 
agencies. The case study provided the opportunity to evaluate both the current technology and organizational 
framework for NYC response agencies and national partner agencies during a real-world event. The case study 
research confirmed the potential for a conceptual model to specify the information attributes and flow paths 
of the event, according to an agency’s needs. The research also confirmed the applicability of a model-based 
approach to include existing legacy systems and data structures to enable inter- and intra-agency information 
sharing during large events. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59680
Keywords: information sharing, conceptual model, New York City, emergency operations, model-based ar-
chitecture, Hurricane Maria, interoperability, New York City Fire Department, FDNY, Citywide Incident 
Management System CIMS, National Incident Management System, NIMS
CHINA’S RESPONSE TO THE GLOBAL FINANCIAL CRISIS: EXAMINING 
THE INCENTIVES BEHIND CHINA’S STIMULUS PACKAGE
Clement W. Herron, Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael A. Glosny, Department of National Security Affairs
Second Reader: Naazneen H. Barma, Department of National Security Affairs
This thesis examines the incentives behind China’s decision to implement its aggressive $585 billion economic 
stimulus package in response to the global financial crisis (GFC). The thesis assesses the explanatory power 
of economic, social, and political causal factors to explain China’s decision. The main finding of this thesis 
combines all three factors to demonstrate that China’s stimulus package was most likely implemented because 
the Chinese Communist Party (CCP) perceived that it was necessary to protect its regime. The economic 
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argument demonstrates how China’s government had to resort to an investment-led stimulus plan to gener-
ate economic growth through domestic demand after the GFC severely damaged China’s export sector. The 
social argument establishes how tens of millions of people left unemployed by the GFC felt marginalized by 
the government due to the country’s inequitable economic growth, which was perceived to have primarily 
benefitted the regime. This increased the potential for social instability, which would have been directed at the 
CCP. Lastly, the political argument determines how the regime was under significant political pressure to meet 
domestic and international expectations to sustain economic growth throughout the GFC. These findings 
underscore how the CCP prioritizes regime survival over long-term economic development.
See full thesis text: https://calhoun.nps.edu/handle/10945/59682
Keywords: China, global financial crisis, political economy, economic stimulus, scientific development concept
CORRUPTION IN BRAZIL: WHY ARE MANIFESTATIONS ON THE RISE?
Ryan K. Jensen, Major, United States Air Force
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Cristiana Matei, Center for Civil-Military Relations
Second Reader: Thomas C. Bruneau, National Security Affairs Program Office
This thesis takes a closer look at some of the prominent corruption cases, such as the Mensalão, Opera-
tion Lava Jato, and the Odebrecht scandal, and concentrates on the elements that exposed their existence. 
Although these corruption schemes had been in operation for some time before their manifestations, it was 
not until distinctive mechanisms were introduced into Brazilian politics that the impunity of the policy mak-
ers began to be challenged. The primary question addressed in this thesis is: Why is political corruption in 
Brazil being recognized now, and why are political leaders finally being held accountable? While many studies 
attempt to prove or disprove the many causes that lead to corruption, this study takes a slightly different ap-
proach. Instead of focusing on the sources, it identifies the factors that have caused the country to finally hold 
its political leaders accountable. This thesis identifies two key factors that are responsible: the implementation 
of the plea bargain and the media. As Brazil’s corruption scandals continue to be exposed, the international 
community can learn from the loopholes and flaws that allowed for them and install the necessary safeguards 
to protect their democracies.
See full thesis text: https://calhoun.nps.edu/handle/10945/59691
Keywords: corruption, Brazil, democratization, Lava Jato, Odebrecht, Mensalão, security, democracy, mani-
festations of corruption
THE SCHOOL SHOOTER: A RAPIDLY GROWING PROBLEM FOR HOMELAND SECURITY
Dylan F. Kennedy, Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Erik J. Dahl, Department of National Security Affairs
Second Reader: Robert L. Simeral, Department of Information Sciences
School shootings have significantly impacted many aspects of our lives across the United States. They first 
became a recognized problem in American society in the 1960s and have since continued to increase in fre-
quency and severity. Casualty numbers from school shootings have steadily increased since 1990, and even 
though such shootings are rarer than homicides, mass murders, and off-campus violence, they have a great 
impact on a community. Normally, techniques and tactics used by school administrations and law enforce-
ment change over time to adapt to growing threats. Cases such as the University of Texas shooting in 1966 and 
Columbine High School in 1999, for example, led to changes in law enforcement tactics. While these are land-
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mark examples, between 2000 and 2015, 45 school shootings occurred. Attacks at Sandy Hook Elementary 
School and Marjory Stoneman Douglas High School have focused demands for change, and school and law 
enforcement procedures have not yet adapted to the rising threat. This thesis examines how educators, first 
responders, and law enforcement should respond to school shooters today using threat-assessment processes 
and facility security upgrades.
See full thesis text: https://calhoun.nps.edu/handle/10945/59696
Keywords: school shootings, targeted school violence, threat assessment, mass shootings, active shooter, law 
enforcement, school resource officer, homeland security
THE IMPACT OF POLITICAL LIBERALIZATION ON SINO-MYANMAR COOPERATION
Steve I. Lanuzo, Major, United States Air Force
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael S. Malley, Department of National Security Affairs
Second Reader: Tristan J. Mabry, Department of National Security Affairs
This thesis examines the impact of Myanmar’s political liberalization on Sino-Myanmar cooperation from 
2008 to 2018. Using a historical comparative analysis of bilateral cooperation from the State Peace and De-
velopment Council (SPDC), the Union Solidarity Development Party (USDP), and the National League for 
Democracy (NLD) years, this thesis indicates that political liberalization temporarily weakened Myanmar’s 
foreign policy with China, which historically has been characterized as Pauk-Phaw, or fraternal. The main 
reasons stemmed from the growth of anti-Chinese sentiments, coupled with an overdependence on China 
for economic, security, and diplomatic support during the years before liberalization. As a result, President 
Thein Sein and the USDP were inclined to loosen relations with China. However, the new democratic regime 
under Aung San Suu Kyi has recalibrated that trajectory by strengthening bilateral cooperation. China is criti-
cal to solving two key issues that are of national interest to Myanmar: economic growth and a peace deal with 
various ethnic armed organizations along the Sino-Myanmar border. Also, China continues to diplomatically 
protect Myanmar from international criticisms of the military’s violent oppression of the Rohingya people 
in Rakhine State. Collectively, these factors permit Sino-Myanmar cooperation to endure despite changes in 
Myanmar’s domestic politics.
See full thesis text: https://calhoun.nps.edu/handle/10945/59704
Keywords: Myanmar, Sino-Myanmar relations, bilateral cooperation, liberalization
GERMAN AND ITALIAN AVERSION TO WAR: BACKGROUND, 
CONTEMPORARY ISSUES, AND SECURITY IMPLICATIONS FOR ALLIES
Nathan Loomis, Major, United States Marine Corps
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Second Reader: Carolyn C. Halladay, School of International Graduate Studies
The populations of Germany and Italy are largely pacifist, but while many Germans are also anti-military, 
many Italians are not. Attitudes towards war and military forces were shaped in both states by their experienc-
es during World Wars I and II and by the roles their respective militaries played in these conflicts. In the 21st 
century, other factors continue to shape the role that war and military forces play. International pressure to be 
global powers intersects with domestic political reluctance, and the transition to an all-volunteer professional 
military has enabled increased competence and availability of military forces at the expense of further widen-
ing the gulf between civilians and service members. In Germany’s case, pressure to be a security provider 
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comes from other NATO states. However, German domestic politics, constitutional limitations, and societal 
aversion to war have kept Germany from being more active militarily. Italy, on the other hand, strives to be 
a more robust security provider but is limited by its modest economic resources. Additionally, while Italian 
government officials have fewer prohibitions on the deployment of military forces abroad, they must balance 
their actions against a largely pacifist population. Allies who seek military partnership with Germany or Italy 
would do well to work within the confines of the respective German and Italian national security cultures.
See full thesis text: https://calhoun.nps.edu/handle/10945/59712
Keywords: Germany, Italy, pacifism, anti-militarism, war, military, World War I, World War II, conscription, 
domestic politics, international politics, national security, defense, United States, civil-military relations, ser-
vice-members, Esercito Italiano, Bundeswehr, Bundestag, recruiting, soldiers, Nazism, Fascism, international 
military missions, multinational military coalitions, military missions abroad, military deployments abroad, 
NATO, societal attitudes, opinion polls, public surveys 
DO POLITICAL APPOINTMENTS CREATE POLITICIZED INTELLIGENCE?
Kevin C. McDermott, Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Erik J. Dahl, Department of National Security Affairs
Second Reader: Robert L. Simeral, Department of Information Sciences
A resilient nation must not only have a strong and functional military for defense, but also have the capability 
to collect tactical intelligence about adversaries to inflict the greatest potential damage in potential conflict. 
Regardless of the size and strength of forces, intelligence sharpens the military force’s lethality, ultimately 
making a nation powerful. Fundamentally, intelligence should be unbiased and objective. However, as the 
United States polarizes itself politically today between its two dominant parties, that objectivity is at risk. Po-
litical bias has been included in U.S. intelligence analysis, and through a study of two cases, it is apparent that 
politicized intelligence often negatively impacts the intelligence community (IC), the military, and the citizens 
of the United States. The current system of appointing senior intelligence officials inevitably fosters politicized 
intelligence because of an inherent obligation of those appointed to serve the administration that selected 
them. This thesis recommends that to reduce politicization, legislation must require IC leaders to have served 
as intelligence officers first and with positional term limits, essentially making them professional, not politi-
cal, appointments. The objective of this legislation would be to maintain the policymaker and IC leadership 
relationship while ensuring the public that the IC remains capable, knowledgeable, and unbiased.
See full thesis text: https://calhoun.nps.edu/handle/10945/59717
Keywords: politicized intelligence, intelligence community, intelligence reform, intelligence and policymaker 
relationship, Iraq Weapons of Mass Destruction, ISIS
A HALF CENTURY OF INSURGENCY:  THE ONGOING EFFORTS OF THE 
PHILIPPINES TO QUELL THE INSURGENCY IN THE SOUTH
Eric L. Mitchell, Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael S. Malley, Department of National Security Affairs
Second Reader: Tristan J. Mabry, Department of National Security Affairs
The Southern Philippines has remained embroiled in insurgency for nearly 50 years. This thesis traces the in-
surgency through three distinct phases: the first two phases represent an ethno-nationalist insurgency, and the 
latest phase results from a qualitative shift toward a Pan-Islamic insurgency. While the Philippine government 
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successfully ended the first two phases, the third phase of insurgency is composed of disparate groups that 
are linked to global jihadist organizations. Using a comparative study of Russia’s counterinsurgency efforts in 
Chechnya, this thesis examines why the Philippine government has not yet successfully ended the decades-
long insurgency. The Philippine and Chechen cases have numerous similarities, showing a comparable pat-
tern of insurgency. However, the two countries waged drastically different counterinsurgency campaigns, 
and the two cases have divergent outcomes. This thesis finds that Russia’s “Chechenization” strategy, which 
decentralized the counterinsurgency and pushed counterinsurgency functions down to the local level, was 
the cornerstone of its success. In the Philippines, counterinsurgency efforts have remained mostly centralized 
under the armed forces of the Philippines, with no serious effort made to localize them. This suggests that the 
Philippines may need to consider employing a localization strategy in order to defeat the current insurgency. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59556
Keywords: insurgency, counterinsurgency, Philippines, Mindanao, Chechnya
AN ASSESSMENT OF LIKELIHOOD: POTENTIAL COOPERATION 
BETWEEN MEXICAN DRUG CARTELS AND AL QAEDA OR ISIS
This paper has been recognized as outstanding by its department.
Justin M. Moeykens, Major, United States Marine Corps
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Robert E. Looney, Department of National Security Affairs
Second Reader: Thomas C. Bruneau, National Security Affairs Program Office
The likelihood of cooperative relationships between Mexican drug cartels and Al Qaeda’s core or the Islamic 
State of Iraq and Syria (ISIS) is a matter of debate and U.S. national security. Despite the significance of the 
issue, the topic is widely void of objective analysis. When analyzed and compared, the organizational attributes 
of strategy toward the United States, group identity, ideology, and decision-making authority show stark dif-
ferences between these groups. With these organizational attributes established and then placed in the context 
of what makes cooperative relationships work within the private sector, cooperation between groups emerges 
as highly unlikely. While the occurrence of a relationship between these groups is doubtful, if it were to occur, 
the implications to U.S. national security could be catastrophic. As such, this thesis concludes with a policy 
recommendation that the United States must continue to publicly monitor the potential relationships to deter 
them. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59557
Keywords: Islamic State of Iraq and Syria, ISIS, Al Qaeda, AQ, terrorism, terrorist, cooperation, narco-ter-
rorism, Mexico, drugs, cartel, Mexican drug cartel, counter terrorism, Los Zetas, Sinaloa, ideology, structure, 
identity, recruitment, strategy, branding, relationships, alliances, border security, group behaviors 
HOW DOES UNITED STATES SECURITY ASSISTANCE 
AFFECT HOST NATION DEMOCRATIZATION?
Christopher A. Morton, Major, United States Marine Corps
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Tristan J. Mabry, Department of National Security Affairs
Second Reader: Mark M. Huber, Center for Civil-Military Relations
How does U.S. security assistance affect host nation democratization? This thesis analyzes Department of 
State and Department of Defense assistance over time to Lebanon and Pakistan to evaluate its effects on the 
host nation’s political rights and civil liberties, measured by Freedom House ratings. In both cases, changes in 
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Freedom House ratings did not correlate consistently with changes in U.S. security assistance. The influence 
of U.S. security assistance on host nation governance is frequently overstated. U.S. security assistance has 
minimal effect on democratization compared to local and regional actors, because it is designed and resourced 
primarily to accomplish security objectives, not to drive enduring institutional reform. If the United States 
wanted security assistance to decisively support democratization, then it would need to design and resource 
security assistance and security cooperation programs differently. Redesigning U.S. security assistance to su-
persede the influence of other factors on democratization would require increasing funding toward defense 
institution building, making security assistance conditional on political rights and civil liberties performance, 
and consistently integrating security assistance within a whole-of-government strategy toward the host nation 
for a generation or more. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59560
Keywords: democracy, democratization, democracy promotion, Freedom House, political rights, civil liber-
ties, foreign assistance, security assistance, security cooperation, building partner capacity, security sector as-
sistance, security sector reform, civil-military relations, CENTCOM, Lebanon, Pakistan
CUBAN AND SALVADORAN EXILES: DIFFERENTIAL COLD WAR–ERA U.S. 
POLICY IMPACTS ON THEIR SECOND-GENERATIONS’ ASSIMILATION
Amal Nazzall, Major, United States Air Force
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Tristan J. Mabry, Department of National Security Affairs
Second Reader: Christopher N. Darnton, Department of National Security Affairs
American society conventionally expects immigrants to assimilate, yet contemporary views question whether 
Latin American immigrants are choosing to conform to this standard. However, this perspective does not 
account for the structural constraints placed upon immigrants through the influence of U.S. foreign and im-
migration policy. During the Cold War, two cases—Cuba in the 1960s and El Salvador in the 1980s—dem-
onstrated differential U.S. policy responses to sustained, large-scale exile migrations to the United States, par-
ticularly to Miami and Los Angeles. In these cases, the U.S. response was to welcome and provide a positive 
reception to Cubans in Miami, while Salvadorans were excluded and constrained by the negative reception 
afforded to them as illegal migrants in Los Angeles, with both responses stemming from U.S. foreign policy 
interests in Latin America. Twenty-five years after the first wave of exiles from each of these countries, both 
second generations appear to be assimilating in terms of educational attainment, but Salvadoran-Americans 
lag behind Cuban-Americans in occupational attainment and income levels. These differential outcomes indi-
cate that reception contexts—government responses, economic opportunity, societal attitudes, and presence 
of ethnic communities—may accelerate or delay exile groups’ rates of structural assimilation, with legal status 
playing a major role in determining whether groups assimilate upward or downward.
See full thesis text: https://calhoun.nps.edu/handle/10945/59562
Keywords: immigration, U.S. foreign policy, assimilation, Cuba, El Salvador, Cold War, American identity, 




INDIA: ON BALANCING CHINA 
Phillip Peacock, Major, United States Marine Corps
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: S. Paul Kapur, Department of National Security Affairs
Second Reader: James J. Wirtz, Department of National Security Affairs
This thesis assesses whether India will be a reliable security partner for the United States in its efforts to man-
age the rise of China. U.S. grand strategy since World War II has centered around maintaining and expanding 
a rules-based international order that globally promotes democratic governments, international institutions, 
human rights, and open markets. The prospect for a power transition threatens to disrupt the U.S.-led order. 
As China rises, the United States will depend on partners and alliances to help preserve the status quo, espe-
cially in the maritime domain. As the world’s largest democracy and one of the fastest-growing economies, 
India could play a decisive role in determining the future balance of power. Through in-depth analysis of case 
studies, this thesis analyzed whether India decided to balance or bandwagon when China challenged India 
along its borders with Tibet, Kashmir, and Doklam; threatened intervention during wars with Pakistan; ac-
quired nuclear weapons; and expanded into the Indian Ocean region. This thesis proved that each time China 
has presented India with a major security challenge, India has chosen to balance. The thesis concludes that, 
as a long-term investment, the United States should enhance its partnerships with India to balance against 
China’s rise.
See full thesis text: https://calhoun.nps.edu/handle/10945/59565
Keywords: India, People’s Republic of China, United States, Pakistan, Indo-Pacific, Indian Ocean Region, 
South Asia, Asia, balance of power, balance of threat, power transition, balance, bandwagon 
NATIONALISM AND POLITICAL VIOLENCE IN INDIA
Faisal Shurjeel Qureshi, Lieutenant Colonel, Pakistan Army
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Tristan J. Mabry, Department of National Security Affairs
Second Reader: Carolyn C. Halladay, School of International Graduate Studies
India is considered the largest liberal democracy in the world. It is home to a widely celebrated secular national 
identity despite its ethnic, linguistic, and religious diversity. This distinction sets India apart as a successful 
role model for heterogeneous developing countries transitioning to democracy. This impression is, however, 
tempered by persistent communal violence dating to Indian independence from British rule in 1947. Over 
the last few decades, this group violence, particularly between the religious majority and minorities, appears 
to have increased. The rise in communal violence has coincided with the ascendance of Hindu nationalists 
in Indian politics, thus raising questions about their connection with this trend. This thesis analyzes the role 
of Hindu nationalist organizations and their ideology in promoting political violence in India. It contrasts 
primordialist and instrumentalist arguments and, based on a range of evidence, finds support for the instru-
mentalist argument that Hindu nationalist organizations deliberately promote communal violence in India to 
build support among their base and advance their political interests. The outcome of this analysis will assist 
in the study of domestic communal violence in India and the implications of this violence for India’s secular 
national identity as a heterogeneous country.
See full thesis text: https://calhoun.nps.edu/handle/10945/59569
Keywords: RSS, BJP, VHP, Bajrang Dal, Mahasabha, Arya Samaj, Hindu Nationalism, political violence, com-
munalism, Gujarat violence, Love Jehad, Ghar Wapsi
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EMERGENCY PREPAREDNESS COORDINATION CHALLENGES 
FOR METROPOLITAN TRANSPORTATION CENTERS
Marcia Raines, City Manager, City of Millbrae (California)
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Glen L. Woodbury, Center for Homeland Defense and Security
Co-Advisor: Carolyn C. Halladay, School of International Graduate Studies
This thesis evaluates emergencies that are likely to occur in metropolitan transportation centers and the chal-
lenges emergency managers face when preparing for them. Specifically examining nine co-located transporta-
tion agencies in California’s San Francisco Bay Area, the research identifies methods emergency managers can 
use to enhance preparedness coordination and collaboration across multiple transportation agencies where, 
despite their different governance structures and base locations, operations overlap. The author examined 
best practices among existing emergency preparedness documents and offers six recommendations that can 
enhance cross-agency coordination: 1) adopting an all-hazards approach, 2) defining a common method, 3) 
involving the “whole community” in preparedness activities, 4) enhancing resource-allocation techniques, 5) 
establishing a method for continuity of operations in a combined emergency operations center, and 6) harden-
ing existing infrastructure. Going forward, the nine agencies in the study area must establish a year-long pilot 
program to evaluate emergency preparedness methods, which should include regular table-top exercises and 
the eventual establishment of a regional transportation emergency operations center (RTEOC). These exer-
cises will also help the agencies establish clear roles and responsibilities, which will provide the public with 
better protection during emergencies.
See full thesis text: https://calhoun.nps.edu/handle/10945/59570
Keywords: transportation center, emergency preparedness, coordination, collaboration 
RUSSIAN ARMS SALES IN THE AGE OF PUTIN: FOR POLITICS OR PROFIT?
Andrew R. Reaves, Major, United States Marine Corps
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: James C. Moltz, Department of National Security Affairs
Second Reader: Scott E. Jasper, Department of National Security Affairs
International arms sales are a useful tool for executing a country’s economic and foreign policy strategy. As 
such, investigating the drivers behind these exports discloses a state’s priorities. Since Vladimir Putin came to 
power, Russian arms sales have steadily increased in several geographic areas while Russo-American relations 
have gradually deteriorated. As Putin seeks to foster global multi-polarity in order to challenge the American-
dominated geopolitical world order, how is Russia conducting international arms sales and for what reasons? 
This thesis investigates Russian arms sales to China, India, and the Middle East in order to determine Putin’s 
motives behind his export agenda. It focuses on analyzing the potential relationships of two main hypotheses: 
domestic economic factors and international political factors. This thesis argues that, while Russian arms sales 
generated many domestic economic benefits, especially in the early years of Putin’s presidency, international 
political factors provided the greater impetus behind Russia’s export of military hardware. Specifically, Putin 
used arms sales to secure both influence and leverage with selected partners with the intent of developing a 
polycentric world, balancing the United States, and improving Russia’s reputation as a great power. In conclu-
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sion, although Putin has achieved some gains from using arms exports as a foreign policy tool, the long-term 
benefits of his overall strategy are minimal.
See full thesis text: https://calhoun.nps.edu/handle/10945/59571
Keywords: arms sales, Russian foreign policy, Russian strategic goals, Russian military industrial complex, 
strategic culture, Asian regional power dynamics, Middle Eastern regional power dynamics, political leverage, 
Russia, China, India, Iran, Syria, Iraq, Egypt, United Arab Emirates
THE GERMAN MILITARY TURNAROUND—REPAIR, 
REORGANIZATION, OR REARMAMENT?
Michael Rainer Seyda, Lieutenant Colonel, German Air Force
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Co-Advisor: Carolyn C. Halladay, School of International Graduate Studies
Second Reader: Uwe Hartmann, Department of National Security Affairs
In May 2016, the German government approved an about-face in its military personnel policy by lifting per-
sonnel caps. This measure allowed the Bundeswehr to increase its operational power, strengthen its robust-
ness, and establish new capabilities as part of a comprehensive $150 billion military build-up program—the 
first since the late Cold War. Germany cut its close ties to Russia and subscribed to the European skepticism 
about Moscow. This latest reform, with a new personnel policy at its very core, also represents Germany’s 
coming of age in terms of security and defense policy. The sheer fact that none of the NATO-allied member 
states objected to this military expansion emphasizes the level of trust that Germany has attained by serving as 
a reliable—albeit sometimes reluctant—and predictable partner. To provide the theoretical background neces-
sary, the research begins with an overview on the transformation of military organizations in general based 
on organizational theory. Then, a brief historic overview traces the determinants that have shaped Germany’s 
role and behavior in defense and security policy since World War II. It highlights Germany ś historical obliga-
tion to ensure peace and security with a military uniquely bound to democratic principles. Furthermore, this 
thesis aims to prove that the recent “Turnaround of the Bundeswehr” is actually an evolutionary phase of the 
prior reform. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59589
Keywords: Germany, Bundeswehr, reform, transformation, organization, European security
TERRORISTS AND CYBERSPACE: THE DIGITAL BATTLEGROUND
Alberto Miguel Urena Figueroa, Colonel, Air Force of the Dominican Republic
Master of Arts in Security Studies (Combating Terrorism: Policy and Strategy)
Advisor: Tristan J. Mabry, Department of National Security Affairs
Second Reader: Robert E. Looney, Department of National Security Affairs
This thesis asks why and how terrorist organizations use the Internet to achieve three strategic goals: 1) the 
dissemination of propaganda, 2) recruitment, and 3) fundraising. It is immediately apparent that the Internet 
offers a number of advantages, including low cost, global reach, and anonymity. Nonetheless, terrorist organi-
zations vary in their exploitation of these advantages according to their immediate objectives. To explain these 
variations, this thesis presents a comparative study of Al Qaeda, the Islamic State of Iraq and Syria (ISIS), 
and the Taliban. This study considers how different objectives render distinct narratives and thereby affect 
how those narratives leverage images and information in the dissemination of propaganda. Similarly, targets 
of recruitment vary according to the objectives of the respective organizations; this primarily affects their 
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use of social media, including Facebook, YouTube, Twitter, and other applications. Fundraising methods also 
vary, from local means (extortion, narcotics, smuggling) to contemporary exploitation of digital platforms like 
PayPal and cell phone applications enabling anonymous donations. This thesis concludes that the sophistica-
tion of terrorist organizations online requires an equally sophisticated response that is as essential to the fight 
against violent extremism as kinetic operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/59608
Keywords: cyberspace, social media, terrorist group, Taliban, ISIS, Al Qaeda 
GREECE AND THE MIGRANT CRISIS: THE THREAT OF FOREIGN TERRORIST FIGHTERS
This paper has been recognized as outstanding by its department.
Athansios R. Varvoutis, Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Second Reader: Mohammed M. Hafez, Department of National Security Affairs
Since the June 2014 establishment of the “caliphate” by the Islamic State, there has been an alarming increase 
in the number of terrorist attacks in Europe. Concurrently, wave after wave of migrants from war-torn coun-
tries such as Syria, Iraq, and Afghanistan have landed on Greek shores—and the shores of other southern Eu-
ropean countries—in search of safety and freedom. Could the increased number of migrants entering Europe 
have any correlation to the greater incidence of terrorist attacks in Europe? This thesis considers the effects of 
the Islamic State sending trained operatives, including foreign terrorist fighters, into Europe through Greece 
disguised as migrants. This thesis also explores the impacts of the migrant crisis on the Greek government 
and society. Further, it analyzes the security implications for the European Union (EU) and the North Atlan-
tic Treaty Organization (NATO). This thesis concludes that if Greece, the EU, and NATO policies remain 
unrevised, the migrant crisis will continue to present grave challenges, including transit and recruitment op-
portunities for terrorist operatives in Europe. This thesis recommends greater EU and NATO coordination 
in receiving, hosting, processing, and identifying migrants entering Europe, notably via Greece.
See full thesis text: https://calhoun.nps.edu/handle/10945/59611
Keywords: Greece, migrant crisis, Islamic State, foreign terrorist fighters, migrants, terrorism, European 
Union, North Atlantic Treaty Organization
NON-MEMBER STATE PARTICIPATION IN NATO MARITIME 
OPERATIONS: BENEFITS IN BURDEN-SHARING
Kenneth J. Wenzel, Lieutenant, United States Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: David S. Yost, Department of National Security Affairs
Second Reader: Robert L. Simeral, Department of Information Sciences
Since the early 1990s, the North Atlantic Treaty Organization (NATO) has increasingly welcomed the par-
ticipation of non-member states in its operations and activities. This thesis examines two NATO maritime 
operations: Operation Active Endeavour (OAE), conducted from 2001 to 2016, and Operation Ocean Shield 
(OOS), conducted from 2009 to 2016. In each of these operations, NATO benefited from the participation of 
non-members, notably in information sharing. OAE and OOS provided opportunities for non-members to 
gain valuable insight into how NATO and its Allies operate individually and together in multilateral missions. 
NATO and its partners thereby gained the potential for more extensive and higher-quality participation in 
the future. Moreover, NATO obtained an outside perspective on its operations and practical support in the 
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allocation of responsibilities undertaken by NATO Allies and non-NATO partners.  The participation of non-
NATO partners benefited both the Alliance and the non-member operational partners. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59621
Keywords: NATO, non-member, terror, terrorism, piracy, cooperation, burden, Operation Active Endeavour, 
Operation Ocean Shield
MILITARY PROFESSIONALISM AND THE FUTURE OF 
CIVIL-MILITARY RELATIONS IN AFRICA
Richard T. Wilkerson, Lieutenant Colonel, United States Marine Corps
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Cristiana Matei, Center for Civil-Military Relations
Second Reader: Jessica R. Piombo, Department of National Security Affairs
Transnational crime, violent extremism, insecurity, and instability are common challenges that negatively im-
pact U.S. interests in Africa, including democracy promotion, development, trade, peace, and security. Profes-
sional African militaries are one potential solution to these challenges. Toward this end, U.S. military training 
and professional education has increased in Africa since 2002. Building professional militaries can improve 
security but also presents a moral dilemma. African regimes are often criticized for poor governance—in-
cluding patrimonial, kleptocratic, and authoritarian rule—and African armies are often political in nature. 
In this regard, this thesis investigated whether U.S. training and professional education encourages demo-
cratic civil-military relations or simply provides rulers with more lethal militaries. From a comparison of four 
case studies, the effects of U.S. security assistance to El Salvador and Colombia during the 1980s and 1990s 
were compared to the political and military environments of modern Cameroon and Senegal to determine 
potential outcomes of current and future training and professional education programs there. Results show 
likely increases in soldiering skills but indeterminate effects on the professionalism required for transition to 
democratic civil–military relations. This transition is more probable when both the partner state’s regime and 
military are reform-minded and reforms are implemented throughout the defense sector.
See full thesis text: https://calhoun.nps.edu/handle/10945/59623
Keywords: civil-military relations, military training and professional education, security cooperation, military 
professionalism, African civil-military relations, democratic civil-military relations, Senegal, Cameroon, Co-
lombia, El Salvador, COLAR, ESAF
INNERE FÜHRUNG IN PRACTICE: THE EDEN-PRINCIPLE
Christian Dirk Wuerger, Lieutenant, German Navy
Master of Arts in Security Studies (Europe and Eurasia)
Advisor: Donald Abenheim, Department of National Security Affairs
Co-Advisor: Uwe Hartmann, Department of National Security Affairs
This thesis reflects the ongoing debate on Innere Führung and questions whether the principle is outdated, 
or how it is still of value for the Bundeswehr and Germany. After pointing out factors of internal instability 
for Germany and its society, vulnerable elements and threats to the core values of German citizenship are 
explained. The thesis further makes obvious how a strong level of resilience is necessary by presenting the 
fact of hybrid war threats, especially Russian information operations. Psychology serves as a means to explain 
why and how such methods of persuasion can be used in general. In order to develop and maintain a strong 
level of resilience against current internal and external threats, the thesis presents a way out of this dilemma 
by simplifying core elements of Innere Führung through the EDEN-Principle. This principle focuses on the 
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development, practical implementation, and maintenance of democratic norms and an ethos of the soldier, 
based on the core values of citizenship.
See full thesis text: https://calhoun.nps.edu/handle/10945/59626
Keywords: Innere Führung, ethos, warrior, soldier, tradition, EDEN-Principle, Bundeswehr, German society, 
German politics, citizenship, leadership, psychology, resilience, Einsatzarmee, education, norms, democracy, 
practical approach
APPLICATION OF THE INTELLIGENCE CYCLE TO PREVENT 
IMPACTS OF DISASTROUS WILDLAND FIRES
Brian Young, Assistant Chief of Operations, Orange County Fire Authority, Irvine, California 
Master of Arts in Security Studies (Homeland Security and Defense)
Co-Advisor: Robert L. Simeral, Department of Information Sciences
Co-Advisor: Erik J. Dahl, Department of National Security Affairs
Wildland fires are an enduring homeland security threat that destroys lives, property, and the environment 
annually. This thesis explores the concept that the application of the intelligence cycle is a practical approach 
to addressing threats and minimizing wildland fire impacts. To determine how effective the intelligence cycle 
can be in decreasing the impacts of disastrous wildland fires, the research examined the wildland fire problem, 
fire service intelligence, and the intelligence cycle. Research affirmed that there is no current application of 
a wildland fire intelligence cycle. A case study analysis concluded that components of the intelligence cycle 
currently take place in wildland fire incidents, but not in a formalized process. This thesis argues that the intel-
ligence cycle is a valuable framework for re-evaluating how the fire service collects, analyzes, and disseminates 
information about wildland fire threats. As a result of research and analysis, several recommendations were 
identified, including policy adoption at the national level and enhanced wildland-fire intelligence integration. 
The intelligence cycle adoption will ultimately help the fire service better communicate with the communities 
it services, and the resulting enhanced communication will help the fire service be more successful in mitigat-
ing the effects of those fires that do occur.
See full thesis text: https://calhoun.nps.edu/handle/10945/59627
Keywords: wildland fire, wildland fire intelligence, fire service, fire service intelligence, intelligence cycle, in-
telligence needs, intelligence collection, information sharing, prevention, response, mitigation, Waldo Canyon 
fire, fusion centers, Geographic Area Coordination Center, GACC
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TEACHING CASE: TRANSGENDER SAILORS, LEADERSHIP 
CHALLENGES, AND ETHICAL DILEMMAS
Terry Borja, Lieutenant, United States Navy
Master of Business Administration
Co-Advisor: Gail F. Thomas, Graduate School of Business and Public Policy
Co-Advisor: Kathryn J. Aten, Graduate School of Business and Public Policy
Co-Advisor: Mark Eitelberg, Graduate School of Business and Public Policy
In June 2016, Secretary of Defense Ash Carter announced the repeal of the ban on transgender people serving 
in the military. In August 2017, President Donald Trump announced a reversal of Secretary Carter’s decision, 
which would place a ban on transgender people serving in the military. This teaching case puts the reader into 
the position of the leadership of a U.S. Navy Sailor deployed in Afghanistan. The Sailor’s documentation states 
that the Sailor is female; in person, the Sailor appears to be male. The Sailor had been living in male barracks 
and meeting male physical and grooming standards for months. Command leadership must determine what to 
do with the Sailor. The case study focuses on ethics, leadership, diversity management, and communication.
See full thesis text: https://calhoun.nps.edu/handle/10945/59574
Keywords: ethics, diversity management, leadership, communication.
AIR FORCE INTEGRATED SOLID WASTE MANAGEMENT PROCUREMENT ANALYSIS
This paper has been recognized as outstanding by its department.
Scott W. Bourne, Captain, United States Army
Andrew S. Mikesell, Lieutenant Commander, United States Navy
Lisa Chen, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Latika Hartmann, Graduate School of Business and Public Policy
Co-Advisor: Rene G. Rendon, Graduate School of Business and Public Policy
Across a majority of Air Force installations in the Continental United States, there appear to be large varia-
tions in prices paid for Integrated Solid Waste Management (ISWM) contracted services, with little under-
standing as to why this variation occurs. To effectively analyze these ISWM contract price variations, we 
compared the Price Per Ton (PPT) of disposed solid waste paid by a sample of Air Force installations with the 
PPT paid by co-located municipalities. We developed a methodology to test the hypothesis that the Air Force 
paid, on average, a greater PPT than their respective co-located municipalities. In addition to this hypothesis, 
we implemented multivariate linear regression modeling to determine any applicable ISWM cost drivers to 
help explain price variations. This research resulted in two findings: we were unable to determine that, on 
average, and at an appropriate level of confidence, the Air Force pays more than respective municipalities, 
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 distance to landfills. We recommend the standardization of Air Force ISWM cost data to industry standards, 
and utilization of category management and strategic sourcing with ISWM contracts.
See full thesis text: https://calhoun.nps.edu/handle/10945/59585
Keywords: AFICA, Integrated Solid Waste Management, ISWM, Air Force, collocated municipalities, strate-
gic sourcing, category management
A CASE STUDY OF THE U.S. NAVY’S MESS BILL COLLECTION 
PROCESS FOR OFFICERS ON BOARD NAVY SHIPS
Kathryn M. Damore, Lieutenant Commander, United States Navy
Paul C. Damore, Lieutenant, United States Navy
Kenneth Swing, Lieutenant, United States Navy
Master of Business Administration
Advisor: Spencer T. Brien, Graduate School of Business and Public Policy
Co-Advisor: Bryan J. Hudgens, Graduate School of Business and Public Policy
The purpose of this project is to determine whether the current policy dictating the officer mess bill collection 
process on ships is efficient and cost-effective, or whether the policy requires modification to reduce costs 
and improve efficiency. To assess the effectiveness of the current policy and process, this study drew from 
interviews conducted with members involved in the mess bill collection process on board a U.S. Navy aircraft 
carrier. The interviews focused on gathering information about the entire cycle of the mess bill collection pro-
cess and the amount of time, in hours, required to complete the process every month. In developing models 
to analyze the data collected and running simulations of these models, we developed estimates for man-hours 
and labor costs to administer the process both inport and underway. The findings indicated high man-hour 
and labor costs for the Navy, suggesting inefficiency in the current policy and process. These results suggest 
the need to modify policy and to update the process for the Navy of the 21st century to enhance efficiency and 
reduce costs. Further research is needed to more accurately estimate costs for mess bill collection throughout 
the Navy, as well as additional administrative costs associated with the process off ships.
See full thesis text: https://calhoun.nps.edu/handle/10945/59642
Keywords: mess bill, mess bill process, mess bill collection, basic allowance for subsistence, BAS, Supply 
Corps, supply officer, Navy, aircraft carrier, wardroom officer
A COMPARATIVE ANALYSIS OF PRIVATE SECTOR AND FEDERAL GOVERNMENT 
LEADERSHIP COMPETENCIES AND ORGANIZATION PERFORMANCE
Andrew W. Foursha, Lieutenant Commander, United States Navy
Raymond-Victor C. Pajarillo, Lieutenant, United States Navy
Sean N. Scales, Lieutenant, United States Navy
Master of Business Administration
Advisor: Stephen C. Trainor, Graduate School of Business and Public Policy Program Office
Second Reader: Mie-Sophia E. Augier, Graduate School of Business and Public Policy
As the world becomes more complex and evolves at faster rates, it has become imperative that organizations 
evolve their leadership training to adapt to the ever-changing industrial environment and maintain the organi-
zation’s competitive advantage. For example, the Department of the Navy has called for cultural changes and 
programmatic improvements to the way the civilian workforce is prepared for leadership roles and responsi-
bilities. Patricia Ingraham, Heather Getha-Taylor, and the National Academy of Public Administration have 
conducted studies that identified the current level of training and developing civilian leadership is ineffective 
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 within the federal government regarding organizational requirements in an exponentially changing complex 
environment. If the current approach to leadership development is insufficient, an important question to study 
is, “What leadership capabilities, qualities and competencies contribute to effective leadership and organiza-
tional effectiveness in complex environments of defense acquisition?” By answering this question, we hope to 
offer suggestions and recommendations to improve leadership development in the Navy Civilian Acquisition 
Workforce.
See full thesis text: https://calhoun.nps.edu/handle/10945/59660
Keywords: Complexity Leadership Theory, Dynamic Capabilities, adaptive space, social capital, complex 
adaptive system, knowledge-based
COMPARATIVE RESEARCH OF LABOR COSTS IN NAVAIR SMALL 
AND LARGE BUSINESS ENGINEERING SERVICE CONTRACTS
Honorato B. Gamboa III, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Rene G. Rendon, Graduate School of Business and Public Policy
Second Reader: Spencer T. Brien, Graduate School of Business and Public Policy
Procurement is the main method that the government uses to obtain goods and services. In 2017, the federal 
government awarded $508 billion in contracts for the purchase of goods and services. The largest share of 
government contracts is from the Department of Defense, which constituted 63 percent ($320 billion). The 
government contracts can be awarded to both small and large businesses through full and open competition. 
However, the government is obligated to offer 23 percent of the contracts to small businesses. This study 
sought to compare and analyze labor rates in small and large businesses, the effect of labor hours and place 
of performance on labor costs, and whether contracts to small businesses drive up costs to the government. 
The focus of the study was on small and large businesses classified as North American Industry Classification 
System (NAICS) code 541330 (Engineering Services). The study found that labor costs in similar NAICS 
code 541330 contracts awarded to small and large businesses differ. In technical jobs, small businesses’ aver-
age labor rates are lower than large businesses’ average labor rates, both at Headquarters/Program Executive 
Office (HQ/PEO) and Naval Air Warfare Center, Aircraft Division (NAWC AD). Place of performance af-
fects the labor cost. This study found that, overall, small businesses have lower labor rates compared to large 
businesses.
See full thesis text: https://calhoun.nps.edu/handle/10945/59664
Keywords: small business, engineering services contracts, labor costs
CASE STUDIES ON TECHNOLOGY ADOPTION IN NAVY ENERGY 
AND ENVIRONMENTAL TECHNOLOGY PROJECTS
Kristi L. Gordon, Lieutenant, United States Navy
Master of Business Administration
Advisor: Nicholas Dew, Graduate School of Business and Public Policy
Co-Advisor: Eva Regnier, Graduate School of Business and Public Policy
Bridging the gap over “the valley of death” is the purpose of technology transition programs and is not a 
new challenge for the Navy. However, these initiatives usually focus on technology development, not on the 
adoption side of the transition gap. The Navy created the Adoption Readiness Level (ARL) framework to 
assist transition managers with this challenge. This thesis compares the ARL framework to other popular 
frameworks found in literature and uses them to analyze five cases of energy and environmental technologies 
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 in order to draw conclusions regarding common barriers to technology adoption on Navy installations. The 
research found that adoption was defined as the point when all associated technical specifications, codes, and 
standards were updated to reflect the new technology. It was generally assumed that decisions regarding tech-
nology adoption are made based on rational factors such as functional and economic advantage. However, cul-
tural conflicts across various professional communities presented a significant challenge to achieving the level 
of acceptance needed to facilitate technology adoption. Factors that contributed to positive outcomes included 
understanding the culture of the professional communities that serve as critical change agents and targeting 
those groups through strategic communications. The ARL framework can be improved by more specifically 
addressing culture, the role of change agents, and the need for strategic communications at the earliest level.
See full thesis text: https://calhoun.nps.edu/handle/10945/59668
Keywords: Adoption Readiness Levels, Technology Readiness Levels, TTP, professional communities of 
practice, Energy Cultures Framework, change agent, NESDI, ESTEP, ESTCP, TECHVAL, SBIR, energy, 
environmental, NAVFAC, EXWC, technology, innovation, technology adoption, technology transfer, tech-
nology transition
EVOLUTIONARY/INCREMENTAL ACQUISITION
Patrick M. Gress, Captain, United States Army
Shane A. Kohtz, Captain, United States Army
Christopher J. Noll, Major, United States Army
Master of Business Administration
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Edward H. Powley IV, Graduate School of Business and Public Policy
The purpose of this project is to answer a Naval Postgraduate School (NPS) Acquisition Research Program–
sponsored thesis’s primary research question: How difficult is it to develop a successful incremental acquisition 
approach for defense acquisition programs? The research uses the Department of Defense’s (DoD’s) Joint 
Common Missile ( JCM) program and the subsequent Joint Air-to-Ground Missile ( JAGM) program as the 
basis for surveying acquisition professionals. This research prepares a preliminary survey to assess capabilities 
of future surveys and analysis of higher-level acquisition scheduling and program planning. The preliminary 
survey created for this thesis helps to enable future research on survey and questionnaire methods in the ac-
quisition academic environment. Feedback on the preliminary survey from acquisition subject matter experts 
helps to revise the survey as needed to finalize a detailed and effective survey for future use. Results of the 
preliminary survey will help the DoD acquisition community in developing future questionnaires and training 
programs for acquisition professionals.
See full thesis text: https://calhoun.nps.edu/handle/10945/59669
Keywords: acquisition strategy, DoD acquisition survey, acquisition corps
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 COSTS AND BENEFITS OF UNIFORM COMMONALITY 
FOR THE NAVY AND MARINE CORPS
Bryce Hicks, Lieutenant, United States Navy
Jason House, Lieutenant, United States Navy
Varsha Styer, Lieutenant, United States Navy
Master of Business Administration
Advisor: Spencer T. Brien, Graduate School of Business and Public Policy
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
This research used uniforms of the United States Navy and Marine Corps to explain the costs and benefits of 
the services consolidating uniforms and wearing a single functional uniform. This study examined the his-
tory of Navy and Marine Corps uniforms. It analyzed benefits and costs, as well as identified impediments to 
implementing a single functional uniform for use at Contiguous United States and Outside Continental United 
States duty stations. The research team concluded that there are many possible benefits to consolidation such 
as increased concealment, safety, and functionality. After analyzing eight possible courses of action (COA), the 
research team concluded that COA 4, both the Navy and Marine Corps utilizing the Marine Corps Combat 
Utility Uniform Flame Resistant variant, resulted in the greatest number of benefits and the highest weight of 
perceived benefits to the warfighter.
See full thesis text: https://calhoun.nps.edu/handle/10945/59683
Keywords: uniforms, camouflage, Navy Working Uniform, NWU, Marine Corps Combat Utility Uniform, 
MCCUU, cost benefit analysis, CBA
ANALYSIS OF DEPARTMENT OF DEFENSE (DOD) 
SUPPORT IN DOMESTIC DISASTER RELIEF
Eugene Ho, Lieutenant Commander, United States Navy
Daniel C. Davis, Captain, United States Army
Master of Business Administration
Advisor: Aruna U. Apte, Graduate School of Business and Public Policy
Second Reader: Chad W. Seagren, Graduate School of Business and Public Policy
Our research analyzed Department of Defense (DoD) involvement in the disaster relief efforts for Hurricanes 
Harvey, Irma, and Maria. During the 2017 hurricane season, the United States experienced three major hurri-
canes in rapid succession. These events tested the hurricane responses of the Federal Emergency Management 
Agency (FEMA) and have left some wondering why the DoD was slow to respond. Through our research, we 
evaluated the FEMA Mission Assignments (MAs) to U.S. agencies and analyzed how the DoD was employed 
in Defense Support to Civil Authorities operations during these events. Our three hypotheses were as follows: 
(1) DoD utilization in domestic hurricane relief is less than other agencies; (2) there are common tasks in every 
hurricane disaster that DoD could focus on to improve response; and (3) pre-positioning has a positive effect 
on the quality of disaster response. Our findings show that DoD is the most utilized agency for domestic di-
saster relief efforts, tasked with between 38% to 49% of all mission assignments. FEMA’s utilization of DoD 
is predominantly in transportation; public works and engineering; logistics management and resource support; 
search and rescue; and external affairs. The outcomes of Harvey, Irma, and Maria also support the importance 
of pre-positioning for disaster relief efforts.       
See full thesis text: https://calhoun.nps.edu/handle/10945/59686
Keywords: Hurricane Harvey, Hurricane Irma, Hurricane Maria, disaster response, HADR
28
MASTER OF BUSINESS ADMINISTRATION
 STANDARDIZED U.S.-LED COALITION FORCES UNIFORM
Abdullah Khilji, Major, Pakistan Army
Joshua L. Langhorne, Lieutenant Commander, United States Navy
Oscar A. Martinez, Major, United States Marine Corps
Master of Business Administration
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Mie-Sophia E. Augier, Graduate School of Business and Public Policy
The purpose of this research is to conduct a feasibility study to determine if U.S.-led coalition forces could 
effectively wear a standardized camouflage uniform. If not feasible, the secondary purpose is to research the 
aspects of partial standardization of camouflage uniforms. This research examines advantages and disadvan-
tages of uniform standardization through a political, economic, social, technological, legal and environmental 
(PESTLE) analysis, and a strengths, weaknesses, opportunities and threats (SWOT) analysis. It analyzes the 
psychological and sociological cohesiveness, as well as potential competitive advantages, of the use of more 
technologically superior personnel equipment. This research examines coalition nations’ types of uniforms, 
camouflage patterns, performance specifications, uniform regulations, and procurement. The literature review 
consists of a research study conducted by the Government Accountability Office addressing the failure of the 
U.S. Department of Defense to develop a future joint combat camouflage uniform. This research addresses 
sociological perspectives on uniforms and their impact on team building, organizational authority, legitimacy, 
and social interaction control. The findings of this research show that implementing a U.S.-led coalition cam-
ouflage uniform could result in increased personnel morale, improved unit cohesion, improved personal safety 
and performance, and lower procurement and outfitting costs.
See full thesis text: https://calhoun.nps.edu/handle/10945/59697
Keywords: military uniforms, joint, coalition, standardized camouflage, combat uniform, NATO, United Na-
tions, Iraq, Afghanistan
STRUCTURAL AND PERFORMANCE ANALYSIS OF NAVY SHIP 
OPERATION AND MAINTENANCE BUDGETS 1999–2017
Julia L. Kranz, Lieutenant, United States Navy
Master of Business Administration
Advisor: Philip J. Candreva, Graduate School of Business and Public Policy
Co-Advisor: Spencer T. Brien, Graduate School of Business and Public Policy
The Navy has been concerned recently with the readiness of the surface fleet. Because one driver of fleet readi-
ness is the sufficiency of resources, this study examines the last 18 years of budgets that have had the most di-
rect impact on the readiness of the fleet. Both a quantitative and qualitative analysis were done of the budgets 
for Mission and Other Ship Operations (1B1B) and Ship Maintenance (1B4B). Quantitatively, the study com-
pared projected and actual spending and the reported performance measures in both accounts. Qualitatively, 
the study examined the budget justifications and structure, compared to best practices in the literature. The 
results indicate that the Navy’s budget in both accounts has risen in real terms, and that the Navy has consis-
tently spent more than projected in both accounts. The higher spending mirrored a higher operating tempo 
but lower numbers of maintenance availabilities. Those availabilities may have been more costly than origi-
nally budgeted because of the higher operating tempo or changes to fleet scheduling. The operations budgets 
do not report consistent performance measures, hindering trend analysis. Qualitatively, the justifications for 
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 the level of funding appeared to be consistent with the naval strategy and global operations. The study makes 
recommendations for strengthening the quality of budgets, citing the literature on best practices.
See full thesis text: https://calhoun.nps.edu/handle/10945/59703
Keywords: Navy O&M Budget, Navy spending trends, Navy budget format
COMPARISON OF NAVAL ACQUISITION EFFICIENCY 
BETWEEN THE UNITED STATES AND CHINA
This paper has been recognized as outstanding by its department.
Matthew Lorge, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Robert F. Mortlock, Graduate School of Business and Public Policy
Co-Advisor: Charles K. Pickar, Graduate School of Business and Public Policy
The People’s Republic of China has emerged as the most significant long-term strategic competitor to the 
United States on the world stage. To accomplish this, China has made substantial investments in modern 
naval systems. In order to understand how successful China has been in this effort, an understanding of its 
acquisition system is required. Different countries use different processes for the acquisition of defense sys-
tems. Currently, there is not a standard method for comparing the efficiency of acquisition systems between 
the United States and other nations. The purpose of this research was to develop a framework that can be 
used to accomplish this task and to then demonstrate that framework on the United States’ and China’s naval 
shipbuilding programs. The results of this research identified 10 key factors that affect a country’s acquisition 
efficiency. While the United States’ shipbuilding program outperforms China’s in seven of these areas, China’s 
leads in two key factors: cost and schedule performance. This indicates that, although the United States has 
a more efficient acquisition system overall, China is still able to produce warships faster and at a lower cost. 
In order to maintain its strategic advantage on the world stage, the United States must work to ensure that its 
acquisition system remains ahead overall and closes the gap when it comes to cost and schedule.
See full thesis text: https://calhoun.nps.edu/handle/10945/59713
Keywords: China, acquisition, shipbuilding, acquisition efficiency, People’s Liberation Army Navy
ORGANIZED FOR INNOVATION: AN EMPIRICAL OBSERVATION OF 
INNOVATION ADOPTION WITHIN DEFENSE ORGANIZATIONS
This paper has been recognized as outstanding by its department.
Christopher A. Lynn, Captain, United States Marine Corps
Master of Business Administration
Advisor: Mie-Sophia E. Augier, Graduate School of Business and Public Policy
Co-Advisor: Elliott C. Yoder, Graduate School of Business and Public Policy
How can defense organizations best position themselves to adopt novel ideas and cutting-edge technologies? 
Many organizations within the Department of Defense (DoD) require the ongoing adoption of new meth-
odologies and approaches as a part of their core operations. Constant shifts in the operational environment, 
including ever-changing adversaries, require DoD organizations to remain fast and agile in the course of mis-
sion accomplishment and overall readiness. A history of both successes and failures contains several lessons 
learned and opportunities to improve the crucial process of adopting innovations. This thesis will analyze the 
behavior of three organizations in order to better understand the DoD’s adoption of other transactions au-
thority (OTA). In order to achieve this objective, a literature review is conducted to examine an existing body 
of literature surrounding the topic of innovation adoption, including challenges specific to defense organiza-
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 tions attempting to adopt innovations. An analysis is conducted using Everett Roger’s Five Stages Adoption 
Model, and key themes within the literature are analyzed, in order to assess the adoption of OTA within the 
National Aeronautics and Space Administration (NASA), the Defense Advanced Research Projects Agency 
(DARPA), and the Defense Innovation Unit Experimental (DIUx). 
See full thesis text: https://calhoun.nps.edu/handle/10945/59714
Keywords: innovation, innovation adoption, military innovation, other transactions authority, OTA, DARPA, 
NASA, DIUx, Defense Innovation Unit Experimental
ANALYSIS OF THE PERMANENT CHANGE OF STATION POLICY 
FOR THE U.S. NAVY SUPPLY CORPS COMMUNITY
Thomas T. Poe, Lieutenant Commander, United States Navy
Jose A. Galvao, Lieutenant Commander, United States Navy
Master of Business Administration
Co-Advisor: William D. Hatch II, Graduate School of Business and Public Policy
Co-Advisor: Simona L. Tick, Graduate School of Business and Public Policy
The Department of Defense is always examining opportunities to use its budget resources more efficiently 
while generating the right incentives to recruit, train and retain the best service members. Permanent Change 
of Station (PCS) funding requirements continue to increase at a rate that is significantly faster than the DoD 
budget allows. This has resulted in the Navy Personnel Command issuing letters of intent (NAVADMIN 
159/17, 2017), allowing service members to start their PCS process before funding is granted and their orders 
are written. This study examines whether there are potential savings from implementing the option of two 
consecutive tours in the same Continental United States (CONUS) geographical location. The study focuses 
on the Navy Supply Corps community, O1–O4, and uses a financial cost-benefit analysis (FCBA) to identify 
the relative strengths and weaknesses of a two-tour requirement in the same geographical location when com-
pared to the status quo. Our findings show that there are positive net benefits for each individual set of PCS 
orders when facing a two-tour in the same CONUS geographical location. Our recommendation to Supply 
Corps Community senior leaders is to consider revising the PCS policy for their community with the goal of 
cost-saving and talent retention.
See full thesis text: https://calhoun.nps.edu/handle/10945/59566
Keywords: Permanent Change of Station, financial cost benefit analysis methodology, cost and cost-savings 
estimates, U.S. Navy Supply Corps officers
META-ANALYSIS OF TOTAL FORCE COSTING METHOD LITERATURE
This paper has been recognized as outstanding by its department.
Christopher M. Shutt, Lieutenant Commander, United States Navy
Master of Business Administration
Advisor: Spencer T. Brien, Graduate School of Business and Public Policy
Co-Advisor: Ryan S. Sullivan, Graduate School of Business and Public Policy
This report analyzes publicly available, current and historical Total Force Costing (TFC) methods, data sourc-
es, modeling assumptions, and strategies to determine if TFC similarities exist between the services. If simi-
larities are found, is it possible to construct a best-practice TFC model that will satisfy multi-service budget 
estimating needs in a joint environment? Despite the blending of resources in a joint-warfighting environ-
ment, it is apparent that each service continues to use its own assumptions, cost groupings, and calculations to 
plan future spending. Cross-talk between service budget planners is a mandatory starting point for future TFC 
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 calculation research. This will allow the services to create similar cost groupings, coordinate assumptions, and 
more accurately estimate future total force spending.
See full thesis text: https://calhoun.nps.edu/handle/10945/59590
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UNDERSTANDING AUTOMATIC IDENTIFICATION SYSTEM DATA AS 
APPLIED TO SOCIAL NETWORK RELATIONSHIPS AND ACTIVITIES
This paper has been recognized as outstanding by its department.
Rachel Cline, Captain, United States Marine Corps
Master of Science in Applied Mathematics and Master of Science in Operations Research
Advisor: David L. Alderson Jr., Department of Operations Research
Co-Advisor: Ralucca Gera, Department of Mathematics
Second Reader: Samuel H. Huddleston, Department of Operations Research
This thesis considers the problem of how to infer a social network of entities based solely on periodic location 
information as they move in space and time. Specifically, we consider social networks implied by vessel traffic 
within the South China Sea as captured by Automatic Identification System data consisting of vessel identi-
fier, position coordinates (latitude and longitude), heading, speed, and other information about its course. 
We create customized data structures in the Python programming language and implement an algorithm to 
quickly and efficiently create a social network of entities based on proximity parameters for both space and 
time. As we see from our analysis, there is no single network depiction of our data. Rather, the topology is 
largely influenced by the parameters we use to define a connection between entities. Because we can efficiently 
query the data, we quickly draw conclusions about the most active time of day and most active location within 
the region. From this, we are able to look into specific entities and examine the relationships, activities, and 
behaviors that we wish to understand. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59639
Keywords: Automatic Identification System, network science, criminal organization, South China Sea, social 
network inference
A NETWORK THEORETIC INVESTIGATION INTO THE TOPOLOGICAL 
CHARACTERISTICS OF U.S. AIRLINE ROUTE NETWORK GROWTH
Kenneth A. Hicks, Ensign, United States Navy
Master of Science in Applied Mathematics
Advisor: Ralucca Gera, Department of Mathematics
Co-Advisor: Michelle L. Isenhour, Department of Operations Research
Commercial airline networks are complex, dynamic systems that have become critical components of infra-
structure, and understanding the nature and evolution of these networks is necessary in order to maximize 
their benefits. In this thesis we model the U.S. domestic air transportation system as a temporal multilayer 
directed network and investigate the route network structure of different U.S. airlines. We apply a network 
theoretic framework to the evolution of these airlines, represented as layers of the network. We identify the 
topological properties of these layers as airports are added to and dropped from the airline route networks 
during years of growth. From this framework, we develop a model based upon centralities for identifying air-
ports that make good candidates for addition to or removal from an airline network, and assess how our model 
aligns with historical decisions made by the airlines. We find the model to be more successful in identifying 
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airports (1) for removal from, rather than in addition to, a layer, and (2) for addition by low-cost carriers rather 
than full-service carriers.
See full thesis text: https://calhoun.nps.edu/handle/10945/59684
Keywords: network science, airline network, multilayer network model, network evolution
THE IMPACT OF TECHNOLOGIES AND MISSIONS ON 
CONTINGENCY BASE FUEL CONSUMPTION
Erik Kiser, Captain, United States Army
Master of Science in Applied Mathematics
Advisor: Arthur J. Krener, Department of Applied Mathematics
Second Reader: Hong Zhou, Department of Applied Mathematics
Fossil fuels satisfy the bulk of the U.S. military’s energy requirements for transportation and sustainment 
needs. In recent years, deployments to Operation Enduring Freedom, Operation Iraqi Freedom, and Op-
eration Inherent Resolve have highlighted inefficiencies in how the U.S. military generates electrical power. 
Many strategies have been proposed to unleash the U.S. military from the tether of fuel. This paper presents a 
mixed integer linear program to minimize the fuel needed to meet power requirements at a contingency base 
over a 24-hour period. The paper then assesses the impact on fuel consumption and generator run-hours of 
introducing energy storage systems and photovoltaic arrays to different power demand scenarios based on the 
mission, geographic, and seasonal parameters. Removing the traditional requirement for spinning reserves 
and allowing generators to operate at 100% of their rated load resulted in substantial reductions in generator 
run-hours across all scenarios. The results showed that adding an energy storage system had effectively no 
impact on generator run-hours or fuel consumption, and that the impact of adding a photovoltaic array was 
highly dependent upon the latitude and season in which the contingency base was established. The author 
concludes that diesel and JP-8 are the best methods for storing energy at a contingency base, and that reducing 
energy demand is the most direct way to reduce fuel consumption and generator run-hours.
See full thesis text: https://calhoun.nps.edu/handle/10945/59699




DISTRIBUTED MARITIME OPERATIONS AND UNMANNED 
SYSTEMS TACTICAL EMPLOYMENT
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Master of Science in Systems Engineering
Jun Jie Lim, Civilian, Singapore
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Kai Boon Eugene Mok, Major, Singapore Army
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Master of Science in Operations Research
Boon Hong Aaron Teow, Major, Singapore Army
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Andrew R. Whitmer, Lieutenant, United States Navy
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Peter J. Winstead, Lieutenant, United States Navy
Master of Science in Systems Engineering
Yong Jie Chia, Captain, Singapore Army
Master of Science in Systems Engineering
Advisor: Paul T. Beery, Department of Systems Engineering
Co-Advisor: Michael P. Atkinson, Department of Operations Research
The concept of Distributed Maritime Operations (DMO) intends to enable a force that is capable of winning 
a fleet-on-fleet engagement through the integration of manned and unmanned systems, execution of decep-
tive tactics, and emboldening of units to conduct offensive strikes. This report contributes to the concept of 
DMO in the 2030-2035 timeframe through the development of an operational simulation that examines the 
ability of various compositions of multi-domain fleet assets to perform tactical operations in a naval combat 
environment. This project studies the impact of the friendly force employment of deception and tactics against 
an enemy force, and the resulting impact on the adversary’s ability to progress through the various stages of a 
kill chain. Through the development and analysis of a discrete event simulation, this research investigates the 
ability of naval forces in the air, surface, and electromagnetic warfare domains to contribute to DMO through 
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the performance of tactical offensive operations and employment of deceptive tactics. The analysis resulted 
in two major findings. In terms of force composition, an increased number of missile-carrying assets had the 
largest impact on operational effectiveness and survivability. Tactically, the utilization of electronic jamming, 
coupled with the utilization of unmanned deceptive swarms, provided a significant improvement in the sur-
vivability of friendly force assets as well as the attrition of enemy forces.
See full thesis text: https://calhoun.nps.edu/handle/10945/59587
Keywords: Distributed Maritime Operations, DMO, Tactical Employment of Unmanned Systems
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MICROSPHERE-BASED PASSIVE MATERIAL FOR LOW-TEMPERATURE DIVING SUITS
Jonathan M. Brown, Captain, United States Marine Corps
Master of Science in Applied Physics
Advisor: Emil P. Kartalov, Department of Physics
Navy divers and dive-qualified personnel are often required to operate in cold water. The threat of hypo-
thermia and other health concerns limits the time a diver is allowed in the water. The neoprene wetsuit is the 
primary material used for protection in low temperature conditions. Small pockets of air within the neoprene 
create a thermally insulating layer of air between the diver and the ocean. As the individual descends under-
water, the increase in static pressure on the wetsuit causes the protective air pockets to shrink. This sharply 
lowers the overall thermal resistance of the wetsuit. By replacing the insulating air pockets with rigid glass 
microspheres, changes in depth had significantly less negative influence on the thermal resistivity and buoy-
ancy of the fabricated material. Resulting experimental data related thermal resistivity to volumetric fraction 
of microspheres in the polymer. This effort ultimately proved the superior thermal properties of the fabricated 
composite over neoprene and expanded future possibilities for passive thermal protection in low-temperature 
waters.
See full thesis text: https://calhoun.nps.edu/handle/10945/59632
Keywords: Navy diver, dive operations, Navy diving and salvage, scuba, scuba diving, scuba diver, thermal 
resistivity, heat loss, wetsuit, microsphere, neoprene, ice diving, Arctic diving, Arctic scuba
FEASIBILITY AND UTILITY OF AIRBORNE SOLID-STATE 
LASERS AGAINST GROUND ORDNANCE
This paper has been recognized as outstanding by its department.
Joseph Fasone, Captain, United States Army
Master of Science in Applied Physics
Advisor: Keith R. Cohn, Department of Physics
Co-Advisor: Joseph A. Blau, Department of Physics
Explosive devices present a significant threat to civilian populations and are a severe counter-mobility obstacle 
for ground forces. With the proliferation of improvised explosive devices into potential U.S. military operat-
ing areas, a safer and more efficient method for eliminating the threat is required. U.S. Army forces operating 
at the brigade and above echelons are generally supported with a variety of unmanned aerial vehicle (UAV) 
airframes that are capable of conducting reconnaissance and surveillance. These UAVs are faster and more 
responsive to reports of ground-based explosive devices than explosive ordnance disposal (EOD) teams or 
route clearance patrols. If UAVs were equipped with a system capable of disarming or destroying explosive 
devices, the stress on EOD assets would be mitigated and the delaying effect of said explosives on ground 
forces would be reduced. This research explores the feasibility and utility of using a high-energy laser mounted 
onboard a UAV platform to defeat ground-based explosive devices. Specifically, this research defines an array 
of potential targets, characterizes the atmospheric effects in varied weather conditions and climates on such 
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a laser system, and contrasts the size, weight, and power requirements of such a system with the operating 
capabilities of existing UAV platforms.
See full thesis text: https://calhoun.nps.edu/handle/10945/59654
Keywords: high-energy laser, unmanned aerial vehicle, UAV, explosive device, high explosives, land mine, 
improvised explosive device, IED, unexploded ordnance, route clearance, solid-state laser, airborne platform
EFFECTS OF BALLISTIC IMPACTS ON SPHERICAL CERAMICS
Joseph P. Morley, Captain, United States Marine Corps
Master of Science in Applied Physics
Advisor: Raymond M. Gamache, Department of Physics
Second Reader: Joseph P. Hooper, Department of Physics
Empirical data suggests that ceramic spheres can serve as front face systems for armor applications, which 
can improve performance over current monolithic plate design by providing multi-hit fracture resistance and 
lower costs. Ballistic test results of ceramics composed of AD90, AD995 and sapphire (Al2O3) are presented 
alongside hydro code simulation results. In addition to chemical differences, impact performance between 
geometric differences is also examined. Performance calculations include (as a function of time) projectile 
velocity, deceleration, force applied and work applied to the projectile. Shockwave propagation through sap-
phire targets is observed to be consistent with published sound speeds and is in agreement with hydro code. 
We found that 1/2” spheres are shown to perform better than 1/2” right circular cylinders. AD90 is shown 
to perform better under ballistic test conditions than AD995, indicating the feasibility of a low-cost, ceramic 
sphere–based front-facing armor system.
See full thesis text: https://calhoun.nps.edu/handle/10945/59559
Keywords: armor, ceramic, ballistics, AD90, AD995, sapphire, CTH
EVALUATING EFFECTIVENESS OF DIRECTIONAL ACOUSTIC 
MODEMS INTEGRATED ONTO AUTONOMOUS PLATFORMS
This paper has been recognized as outstanding by its department.
Leander J. C. van Schriek, Lieutenant, Royal Netherlands Navy
Master of Science in Applied Physics
Advisor: Kevin B. Smith, Department of Physics
Co-Advisor: Douglas P. Horner, Department of Mechanical and Aerospace Engineering
Navies have been operating with unmanned underwater vehicles (UUVs) for decades. Recently, these plat-
forms have been assigned more and more complicated tasks. Compared to other domains, the underwater 
domain offers substantial additional challenges. One of these challenges is accurate navigation of these UUVs. 
In this thesis, the use of directional acoustic modems integrated onto autonomous platforms is evaluated, 
specifically with respect to the role they can play in improving underwater navigation accuracy of submerged 
assets. The main research effort within this thesis was the evaluation of data from sea trials in the shallow 
parts of Monterey Bay in September 2017 and April 2018. Two directional acoustic modems were installed in 
tow bodies, which were tethered to two unmanned surface vehicles (USVs). These USVs were then directed on 
multiple missions in an area surrounding the deployment of a bottom-moored acoustic echo repeater, which 
acted as a surrogate underwater platform. Data collected during the sea trials was then compared between 
measured and best-estimated ranges and bearings. Using the Bellhop ray-tracing model and beam pattern 
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analysis, the actual accuracy of these systems was extensively evaluated. Results indicate that, when operating 
properly, these modems can provide accurate data to assist in underwater navigation.
See full thesis text: https://calhoun.nps.edu/handle/10945/59609
Keywords: effectiveness, acoustic, modem, navigation, underwater, sea trial, Monterey Bay, wave glider, tow 
body, Teledyne
STRESS-STRAIN RELATIONSHIPS IN ULTRA-HIGH MOLECULAR 
WEIGHT POLYETHYLENE FIBERS UNDER BALLISTIC LOADING
Matthew Walker, Major, Canadian Army
Master of Science in Applied Physics
Advisor: Raymond M. Gamache, Department of Physics
Second Reader: Peter Crooker, Naval Postgraduate School
Ultra-high molecular weight polyethylene (UHMWPE) fibers are commonly used in body armor systems, 
alone or in combination with ceramic inserts, as ballistic protection against high-velocity projectiles. Under 
dynamic loading conditions, the fibers are extremely strong in tension, but the extreme pressures created at 
impact by ogive-shaped projectiles can cause premature failure before additional fibers can be recruited to 
distribute the force. A light gas gun was used to launch 9.525 mm steel spherical projectiles into a sample of 
20 layered UHMWPE uniaxial fiber sheets (at 90-degree offset between layers) to examine the stress/strain 
behavior of the fabric over time. Load cells (4.4 kN) were used to measure uniaxial forces along the fibers. Two 
high-speed video cameras were used to measure both the in-plane and out-of-plane fiber deflection. Using 
numerical calculations of the total strain, stress was derived from published stress-strain curves and compared 
to the measured load cell force data, in both X and Y directions.
See full thesis text: https://calhoun.nps.edu/handle/10945/59614
Keywords: UHMWPE, ballistic, body armor
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CONTINUATION STUDY FOR THE SELECTED MARINE CORPS RESERVE
Lily M. Brose, Ensign, United States Navy
Master of Science in Applied Science (Operations Research)
Advisor: Andrew T. Anglemyer, Department of Operations Research
Second Reader: Thomas W. Lucas, Department of Operations Research
This continuation study follows a cohort of Marines who enlisted in the Selected Marine Corps Reserve 
(SMCR) in FY09. For the purposes of this thesis, continuation is defined as members lost to other reserve or 
active Marine Corps components. These options include transferring to the Individual Ready Reserve (IRR), 
Active Reserve (AR), Active Component (AC), Individual Mobilization Augmentee (IMA), or leaving the Ma-
rine Corps Reserve altogether. Every person in this population was on a 6x2 contract (six-year commitment to 
the SMCR and the remaining two served in the SMCR or IRR). This study implements two logistic regressions 
and classification trees at different career milestones. The main research goal is to identify significant impacts 
of mobilization, prior service history, and demographics on the continuation rates of Reserve enlisted. At the 
six-year mark, a combat deployment history and rank (relative to E-1) have a positive impact on transferring 
to another component. Furthermore, being a minority or living in the Western United States (relative to the 
Northeast) has a negative impact on continuation. The classification tree found rank and deployment rate to be 
the best classifiers of SMCR retention. At the eight-year mark, average conduct score has a positive impact on 
continuation, while number of dependents and commissioning status have negative impacts on continuation. 
The classification tree found average conduct score and deployment rate to be the best classifiers.
See full thesis text: https://calhoun.nps.edu/handle/10945/59629
Keywords: retention, continuation, Marine Corps Reserve, Selected Marine Corps Reserve, logistic regression, 
classification tree
OPTIMAL PAYLOAD DESIGN FOR THE NAVY’S FUTURE UAS
Stephen J. Ward, Ensign, United States Navy
Master of Science in Applied Science (Operations Research)
Advisor: Moshe Kress, Department of Operations Research
Co-Advisor: Michael P. Atkinson, Department of Operations Research
Second Reader: Matthew Norton, Department of Operations Research
The Tern is a future Navy unmanned aerial system that will deploy on and launch from surface ships such 
as destroyers. It is designed to be capable of performing multiple types of sorties such as anti-submarine 
warfare; information, surveillance, and reconnaissance; and acting as a node in a communication network. 
Each type of sortie has different operational and physical requirements manifested in the payload onboard 
the Tern. There are two forms a payload can take: fixed and modular. The fixed payload is hard-wired into the 
Tern, while the modular payload space on the Tern supports the ability to change the payloads for each sortie. 
Multiple possible scenarios and operational postures add another level of complexity in determining optimal 
payload configurations. The overarching issue that we will address in this research is the general design of the 
Tern payload. This design must take into account the inherent stochasticity of the situations in which the Tern 
will operate. While conducting a primary task within a sortie, the Tern could also be called to carry out other 
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tasks as the situation dictates. For every possible realization of a sortie a Tern is sent on, there is an optimal 
payload design that addresses the possible tasks in the sortie. Consequently, each design satisfies a given mea-
sure of effectiveness with a certain expected effectiveness. The objective is to find a global payload design that 
maximizes responsiveness over all possible sorties and scenarios.
See full thesis text: https://calhoun.nps.edu/handle/10945/59617
Keywords: UAS, integer linear program, bin-packing, knapsack, optimization
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ARRAY BASED FREE SPACE OPTIC SYSTEM FOR TACTICAL COMMUNICATIONS
Adrian W. Felder, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: John H. Gibson, Department of Computer Science
Co-Advisor: Gurminder Singh, Department of Computer Science
Free-space optical (FSO) communications offer a resilient and flexible alternative communications me-
dium to current radio technologies, which are increasingly threatened by our peer adversaries. FSO pro-
vides many advantages to radio technologies, including higher bandwidth capability and increased security 
through its low probability of detection and low probability of interception characteristics. However, cur-
rent FSO systems are limited in range due to line-of-sight requirements and suffer loss from atmospheric at-
tenuation. This thesis proposes the use of arrayed optical emitters for FSO communication by developing a 
link-layer protocol that leverages the inherent error correction of quick response (QR) encoding to increase 
bandwidth and overcome atmospheric loss. Through the testing of a system built with commercial-off-the-
shelf equipment and a survey of current optical transmitter and receiver technology, this link-layer protocol 
was validated and estimated to provide similar data rates to current single emitter FSO systems. Various 
limitations were discovered in the current structure of the protocol. Future work should be conducted to 
correct inefficiencies in the QR encoding format when applied to a transmission medium. Additionally, 
technological advancements in hardware systems, including the large-scale production of vertical-cavity 
surface emitting lasers (VCSELs) and faster high-speed cameras, must be achieved before such an FSO 
would be viable for large-scale use.
See full thesis text: https://calhoun.nps.edu/handle/10945/59655
Keywords: free-space optics, tactical communication, quick response code, laser communication, low 
probability of detection, low probability of interception, line-of-sight
UNDERWATER MASKED CARRIER ACOUSTIC 
COMMUNICATION: MODELING AND ANALYSIS
This paper has been recognized as outstanding by its department.
Ryan R. Ferrao, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Justin P. Rohrer, Department of Computer Science
Co-Advisor: Daphne Kapolka, Department of Physics
As naval warfighting capabilities evolve, the need for innovative communication techniques for tactics and 
command and control increases. Using Navy sonar systems normally reserved for conventional communica-
tion in the underwater channel between vessels to transmit a hidden message disguised as ambient ocean 
noises or biological noise is a possible way to communicate with a low probability of interception or detection. 
This research applies information hiding via steganography in order to embed and extract bits from an audio 
file after transmission through a simulated underwater acoustic channel. Specifically, we explore a technique 
which allows us to communicate such that the transmission appears native to the operating environment. We 
do this by embedding symbols in an audio source in the frequency domain. We demonstrate the success of 





our technique via traditional steganography metrics and describe its performance limitations. We find that our 
scheme can be both imperceptible and robust provided that proper embedding and transmission parameters 
can be determined.
See full thesis text: https://calhoun.nps.edu/handle/10945/59657
Keywords: audio steganography, covert communications, underwater acoustic communications, biological 
mimicry, underwater networks
OFFICER DATA CARD (ODC) DISSEMINATION POLICY, MODEL, 
AND BLOCKCHAIN-BASED ACCOUNTABILITY MECHANISM
Brett Gentile, Ensign, United States Navy
Master of Science in Computer Science
Advisor: Cynthia E. Irvine, Department of Computer Science
Second Reader: Theodore D. Huffmire, Department of Computer Science
The Officer Data Card (ODC) is an automated record that provides up-to-date data about U.S. Navy officers 
for use in detailing and promotion boards. Policy regarding ODCs requires controlled access and dissemina-
tion of ODC information. A better understanding of the policies associated with ODCs could allow current 
technologies to be employed to support their use and management. This work builds a model for ODC dis-
semination based on current policies and practices. A process model is built to describe controlled dissemi-
nation of ODCs during specific promotion board processes. It is found that the dissemination policies and 
model for ODCs have a strong similarity to those applied to ORCON-labeled information handled by the in-
telligence community. With the threat of unauthorized dissemination of ODCs in mind, a blockchain solution 
is proposed for auditing the access to and modification of ODCs. The proposed solution is a distributed audit-
ing mechanism that does not rely on a central auditing server. The proposed blockchain solution is analyzed 
and determined to be able to provide accountability for record handling processes and ODC dissemination 
but does not provide enough new functionality or efficiency beyond that possible through intensive central 
audit logging.
See full thesis text: https://calhoun.nps.edu/handle/10945/59665
Keywords: personnel records, ODC, originator control, ORCON, dissemination control, access control, in-
tegrity, accountability, audit, OMPF, blockchain, distributed ledger
QUANTUM COMPUTING ON A PHYSICAL QUANTUM COMPUTER
Jonathan D. Kasel, Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Theodore D. Huffmire, Department of Computer Science
Second Reader: James H. Luscombe, Department of Physics
Several emerging companies are making claims about their quantum computing capabilities. The Department 
of Defense needs these claims evaluated against known models to objectively compare available systems. This 
thesis examines the results of tests of quantum circuits on the ibmqx2 and compares them to our own calcula-
tions. This thesis provides a bridge between the quantum circuit model as presented in Quantum Computing 
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for Computer Scientists and the compiled circuits provided by IBM. The study is limited to algorithms that 
can be run with a maximum of five quantum bits.
See full thesis text: https://calhoun.nps.edu/handle/10945/59694
Keywords: quantum computing, IBM, Qubit, cloud computing, quantum physics, superposition, entangle-
ment
NAVY WATCHSTANDER TRAINING AND TESTING TOOL
This paper has been recognized as outstanding by its department.
Johnathan V. Mooring, Lieutenant Commander, United States Navy
Master of Science in Computer Science
Advisor: Neil C. Rowe, Department of Computer Science
Co-Advisor: Loren E. Peitso, Department of Computer Science
This thesis investigates the automated creation of operator study and self-test materials directly from stan-
dardized operating manuals. The targeted operating manual series is the Engineering Operational Sequencing 
System instructions. The developed software scans the standard Portable Document Format versions of the 
manual, analyzes the contents, autonomously generates study and test materials, and prepares software feed-
back to help students and watchstanders study the required material more effectively. The entire process takes 
place in real time and is based on standard Navy operating-document design patterns. The employed princi-
ples and techniques should be applicable to other types of procedural documents in the Navy and throughout 
the Department of Defense.
See full thesis text: https://calhoun.nps.edu/handle/10945/59558
Keywords: EOSS, automated quiz generation, automated learning tools, flashcards, multiple choice, steps 
ordering, intelligent tutoring systems
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Advisor: Paul T. Beery, Department of Systems Engineering
Co-Advisor: Michael P. Atkinson, Department of Operations Research
The concept of Distributed Maritime Operations (DMO) intends to enable a force that is capable of winning 
a fleet-on-fleet engagement through the integration of manned and unmanned systems, execution of decep-
tive tactics, and emboldening of units to conduct offensive strikes. This report contributes to the concept of 
DMO in the 2030-2035 timeframe through the development of an operational simulation that examines the 
ability of various compositions of multi-domain fleet assets to perform tactical operations in a naval combat 
environment. This project studies the impact of the friendly force employment of deception and tactics against 
an enemy force, and the resulting impact on the adversary’s ability to progress through the various stages of a 
kill chain. Through the development and analysis of a discrete event simulation, this research investigates the 
ability of naval forces in the air, surface, and electromagnetic warfare domains to contribute to DMO through 
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the performance of tactical offensive operations and employment of deceptive tactics. The analysis resulted 
in two major findings. In terms of force composition, an increased number of missile-carrying assets had the 
largest impact on operational effectiveness and survivability. Tactically, the utilization of electronic jamming, 
coupled with the utilization of unmanned deceptive swarms, provided a significant improvement in the sur-
vivability of friendly force assets as well as the attrition of enemy forces.
See full thesis text: https://calhoun.nps.edu/handle/10945/59587
Keywords: Distributed Maritime Operations, DMO, Tactical Employment of Unmanned Systems
LEVERAGING MACHINE-LEARNING TO ENHANCE NETWORK SECURITY
This paper has been recognized as outstanding by its department.
Daniel Salazar, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Geoffrey G. Xie, Department of Computer Science
Second Reader: John D. Fulp, Department of Computer Science
This research examines the use of machine-learning techniques to identify malicious traffic in an emulated 
tactical computer network. The intent is to identify low-cost solutions based on open-source software capable 
of employment on computer hardware of currently fielded tactical data networks. These machine-learning 
techniques are investigated for application where it is prohibitive to employ bulky alternate network security 
measures such as security information and event management products. These methods are evaluated as a 
complementary solution to existing security measures, rather than as a replacement. A test network is estab-
lished with 16 hosts emulating generation of normal baseline traffic for periods of 48 hours. One machine is 
infected with a botnet simulator and sends malicious traffic at four levels of intensity. The traffic flows are 
captured, labeled, and used as training and testing sets for four commonly used machine-learning algorithms 
to generate models for identifying the botnet traffic. The trained models are then tested against other flow 
datasets to evaluate their ability to classify malicious traffic without prior signatures. We identify the J48 Deci-
sion Tree as the strongest single algorithm across six of our seven metrics. Our work also produces a report for 
network administrators that is clear, easy to understand, and, most importantly, provides actionable informa-
tion that can drive decisions to best defend the network. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59578
Keywords: machine-learning, botnets, network security
ATTACK GRAPHS FOR MODELING AND SIMULATING SOPHISTICATED CYBER-ATTACKS
This paper has been recognized as outstanding by its department.
Travis L. Swiatocha, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Alan B. Shaffer, Department of Information Sciences
Co-Advisor: Gurminder Singh, Department of Computer Science
The growing importance of the cyber domain to the military has created a need not only to train its cyber 
operators, but also to provide an environment for them to plan, develop, and rehearse cyber-attacks to deter-
mine their effectiveness. The Malicious Activity Simulation Tool (MAST) is a Naval Postgraduate School–
developed application designed to simulate cyber-attack scenarios on adversary networks. This thesis extends 
the capabilities of MAST by enabling the development of sophisticated cyber-attack scenarios. We define a 
methodology for formally modeling cyber-attacks, simulating their execution, and observing their effects 
on virtualized adversary networks. Our methodology decomposes a cyber-attack graph into atomic events, 
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represented as a finite state machine. We simulate the execution of the state machine utilizing MAST on a 
virtualized adversary network, which allows us to observe the entire attack sequence and the effects achieved 
on the target by the attack. We demonstrate our methodology stepping through the attack development from 
its high-level objectives, down to its state machine that we simulate utilizing MAST. Finally, we demonstrate 
our ability to successfully simulate a sophisticated denial-of-service attack scenario on an adversary target.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59599
Keywords: cyber-attack, MAST, attack graph, attack model, simulation, modeling, offensive cyber operations
RADAR ENVELOPE VISUALIZATION
This paper has been recognized as outstanding by its department.
David A. Tan, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Loren E. Peitso, Department of Computer Science
Second Reader: Donald P. Brutzman, Department of Information Sciences
The Navy and Marine Corps cannot expect to always operate aircraft within permissive environments. Po-
tential employment scenarios include operations against advanced surface-to-air missiles and early-warning 
radars with detection ranges advertised beyond 200 nautical miles. Low-observable aircraft are not a panacea. 
Very-low-frequency radars and multistatic arrays offer limited direction finding and possible ranging of fifth-
generation aircraft at tactically significant ranges in certain conditions. Radar-directed weapons will continue 
to be the most capable and deadly weapons aviation must contend with for the foreseeable future. This project 
provides a proof-of-concept for a program that generates a three-dimensional volume representative of threat 
radar performance, which will aid planners in developing routes that avoid or minimize exposure to these 
threats and improve understanding of other radar phenomena. This representation includes a basic atmo-
sphere model that demonstrates the effects of refraction, a depiction of the shadow zone, and terrain-masking 
effects. Future development would allow inclusion of location-specific weather and simulation of specific 
threat radars, allowing near real-time evaluation of radar capabilities that greatly exceed the abilities of current 
analytical tools.
See full thesis text: https://calhoun.nps.edu/handle/10945/59602
Keywords: RADAR, visualization, MOVES, simulation, horizon, X3D, extensible, 3D, graphics
CONSTRUCTING SOCIAL NETWORKS AND CLASSIFYING 
EMAIL ADDRESSES FROM RAW FORENSIC IMAGES
Erin C. Ward, Chief Warrant Officer 3, United States Army
Master of Science in Computer Science
Justin Goodwin, Lieutenant, United States Navy
Master of Science in Cyber Systems and Operations
Advisor: Michael R. McCarrin, Department of Computer Science
Co-Advisor: Marcus S. Stefanou, Department of Computer Science
Co-Advisor: Ralucca Gera, Department of Mathematics
The ability to find email addresses on digital storage media and deduce the relationships between them is 
critical for the success of many law enforcement and intelligence collection activities. Currently, building 
these social networks requires manually processing forensic images of acquired digital media. We conduct 
an experiment using readily available extraction and visualization tools along with a new algorithm that con-
structs networks based on the byte-offset proximity between digital artifacts. The main objective of this 
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study is to test this new algorithm and refine techniques for classification with a goal of automating steps in 
the process of constructing social networks. To achieve this, we build an 11-terabyte dataset of drive images, 
construct networks from them, and assign these networks to the categories “useful” or “not useful” according 
to whether we believe them to contain information relevant to the actual social network of the device owner. 
We then interview device owners to determine ground truth, which we use to evaluate our analysis. We suc-
ceed in correctly categorizing networks with a recall of 0.9166, precision of 0.6316 and F-score of 0.7643. Our 
results show that our algorithm is successful in outputting data useful for the construction of the user’s social 
networks.
See full thesis text: https://calhoun.nps.edu/handle/10945/59616
Keywords: digital forensics, social networks, graph theory
INNOVATING TACTICAL NETWORKS: A SOFTWARE-DEFINED NETWORK APPROACH
John P. Weitzel, Major, United States Marine Corps
Master of Science in Computer Science
Advisor: Geoffrey G. Xie, Department of Computer Science
Second Reader: Dennis M. Volpano, Department of Computer Science
The current traditional network paradigm used in the Marine Corps has a demonstrated pattern of success in 
decades of austere environment operations. However, the adoption of a new idea to reduce time, effort, and 
manpower related to the installation, operation, and maintenance of tactical networks that simultaneously 
improves current network capability and capacity is attractive. That new idea is software-defined networks. 
Three primary keys will encourage the Marine Corps to embrace this new network technology: it must work 
with current network inventory, it must be capable of maintaining current configuration standards, and it must 
have the potential to greatly improve upon the current network model. On a physical test bed, this work seeks 
to evaluate all three requirements. Working topologies that consist of both software-defined and traditional 
network elements seamlessly connect to create a hybrid solution with near-term relevance. Then, the effective 
inclusion of virtual local area networks and access control lists on software-defined switches validate the abil-
ity to maintain current configuration standards. Lastly, instances of scripted configuration, resident topology 
constructs, and local central configuration tools show the automation potential of software-defined networks.
See full thesis text: https://calhoun.nps.edu/handle/10945/59620
Keywords: software-defined network, tactical network, innovation, Marine Corps, network, automation
LEVERAGING COMMERCIAL-OFF-THE-SHELF TECHNOLOGIES TO CREATE 
WIRELESS SENSOR NETWORKS TO AUGMENT AIR BASE GROUND DEFENSE
Caleb Y. Wu, Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: John H. Gibson, Department of Computer Science
Co-Advisor: Gurminder Singh, Department of Computer Science
Forward-deployed maneuver sustainment operations, such as Forward Arming and Refueling Points, are a 
critical center of gravity that adversaries seek to disrupt or destroy in order to jeopardize friendly scheme of 
maneuver and operations. With adversaries’ increased ability to attack such operating bases through indirect 
fire and infiltration, it becomes more difficult for perimeter defense assets to maintain situational awareness 
in order to respond to threats. A low-cost wireless sensor network composed of Raspberry Pi nodes equipped 
with short-range radars, cameras, and motion sensors was built to give force protection personnel early warn-
ing and to help them maintain situational awareness. While each layer alone had flaws, deployment of the 
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wireless network of sensor nodes using the defense-in-depth principle proved capable of not only providing 
early warning to defenders, but also giving defenders detailed imagery and kinetic information on the intruder.
See full thesis text: https://calhoun.nps.edu/handle/10945/59625
Keywords: Air Base Ground Defense, short-range radar, OpenCV, Raspberry Pi, wireless sensor network, 
facial recognition
USING APACHE SPARK TO SPEED ANALYSIS OF ADS-B 
AIRCRAFT-TRACKING DATA TECHNIQUES
Jim Z. Zhou, Civilian
Master of Science in Computer Science
Advisor: Neil C. Rowe, Department of Computer Science
Second Reader: Arijit Das, Department of Computer Science
The U.S. Navy is exploring the feasibility of using a big-data platform and machine-learning algorithms to 
analyze combat-identification data. Combat identification involves a large number of remote sensors that re-
port back data for aggregation and analysis. In this thesis, we used a sample of ADS-B aircraft-tracking data to 
test big-data methods for machine-learning methods developed previously. We showed large speed improve-
ments in the analysis setup over the previous single-processor methods and a lesser speed improvement for 
machine-learning based anomaly analysis.
See full thesis text: https://calhoun.nps.edu/handle/10945/59630
Keywords: big data, machine learning, Apache Spark, ADS-B
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ANALYSIS OF THE DEPARTMENT OF VETERANS AFFAIRS’ ABILITY TO 
REGAIN VETERANS’ TRUST REGARDING HEALTHCARE WAIT TIMES 
Yolanda C. Borges, Civilian, Veterans Health Administration 
Maurice Walker, Civilian, Department of Veterans Affairs
Master of Science in Contract Management
Advisor: Robert J. Eger III, Graduate School of Business and Public Policy
Co-Advisor: Philip J. Candreva, Graduate School of Business and Public Policy
This project explores whether or not veterans have regained trust in the appointment process and wait times 
for healthcare access at the U.S. Department of Veterans Affairs (VA). We explore the perception of appoint-
ments and wait times for veterans prior to and after the whistleblower report of April 2014. Through this 
research and data analysis, it was not possible to state unequivocally that the VA is regaining the trust of  vet-
erans regarding their healthcare appointment wait times.
See full thesis text: https://calhoun.nps.edu/handle/10945/59563
Keywords: veterans, affairs, trust, wait, times
CH-53E MAIN ROTOR HEAD LOGISTICS SUSTAINMENT STRATEGY
Andrew C. Ericson, Captain, United States Marine Corps
Master of Science in Contract Management
Advisor: Douglas E. Brinkley, Graduate School of Business and Public Policy
Co-Advisor: Rony Izaguirrelopez, United States Marine Corps
The H-53E heavy-lift helicopter will play a vital role for both Navy and Marine Corps missions through the 
year 2029. The aging platform is currently plagued with material availability issues that result in degraded 
aircraft readiness. Of these material availability issues, one of the most critical is sourcing the components for 
the main rotor head during depot-level overhaul. This study focuses on analysis of existing maintenance and 
logistics support and sustainment strategies currently in use. It identifies improvements to the H-53E main ro-
tor head logistics support structure in order to better support the Navy and Marine Corps heavy lift mission. 
The results of this research provide recommendations on short-, mid-, and long-term logistics sustainment 
strategies aimed at improving material availability and increasing aircraft readiness. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59652
Keywords: CH-53E, logistics, material readiness, MH-53E, naval aviation, Naval Air Systems Command, 
United States Navy, United States Marine Corps
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STREAMLINING TASK AND DELIVERY ORDER COMPETITIONS WITHIN 
FEDERAL ACQUISITION REGULATION SUBPART 16.5 FLEXIBILITIES
Jerika M. Soule, Civilian, Department of the Navy
Amanda L. Fales, Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Brett M. Schwartz, Graduate School of Business and Public Policy Program Office
Co-Advisor: Nancy Gunderson, Space and Naval Warfare Systems Command
The flexibilities offered in Federal Acquisition Regulation (FAR) 16.505 allow contracting officers (COs) to 
establish streamlined ordering procedures for the award of task orders and delivery orders (TOs/DOs) among 
existing qualified multiple award contract (MAC) awardees. However, because there is no specific guidance in 
the FAR or its supplements regarding less formal fair opportunity competition strategies, COs often default 
to the more familiar FAR Subpart 15.3 procedures. As a result, agencies expend valuable time and resources, 
potentially wasting both in the process. For the Space and Naval Warfare Systems Command, the time and 
resource constraints associated with frequent competitive MAC orders have led to the desire to identify best 
practices and perhaps formalize a streamlined approach to award. As such, the purpose of this research is to 
identify best practices for streamlining local TO/DO awards and provide recommendations for standardized 
streamlining procedures and documentation. The researchers analyzed 169 sources related to case law and 
six local MACs, as well as policy and regulation, to test their hypothesis that local MAC competitions could 
benefit from streamlining. Their hypothesis was confirmed, and the researchers utilized case law rulings to de-
velop recommendations such as streamlining intentional use of terminology, simplifying evaluations through 
means like the decision authority and ordering instructions, and simplifying documents such as the BCM.
See full thesis text: https://calhoun.nps.edu/handle/10945/59592
Keywords: multiple-award contract, MAC, indefinite delivery, indefinite quantity, IDIQ, fair opportunity 
competition, streamlining, FAR 16.5
DOD CONTRACT FILES: PAPER VERSUS DIGITAL
Chester Swiszcz, Civilian, Department of the Navy
Master of Science in Contract Management
Co-Advisor: Douglas E. Brinkley, Graduate School of Business and Public Policy
Co-Advisor: Elliott C. Yoder, Graduate School of Business and Public Policy
Some government agencies have moved to electronic contract files, while others retain paper-based contract 
files. Policy promoting electronic contract files exists; however, regulation has not been enacted to mandate its 
use. The primary research objective is to determine why agencies are hesitant to adopt paperless contract files. 
The secondary research objectives are to determine what can be learned about contract files from various con-
tracting activities and whether the Department of Defense (DoD) plans to provide guidance for contract files 
going forward. Data were collected from the DoD, Defense Procurement and Acquisition Policy (DPAP), the 
Assistant Secretary of the Navy for Research, Development and Acquisition, and a civilian agency via survey. 
The data and findings indicate that agencies that have adopted electronic contract files have realized efficien-
cies. The data and findings also indicate that agencies that retain paper contract files have concerns regarding 
conversion to electronic contract files. The investigator finds that the issues uncovered regarding conversion 
to electronic contract files requires resolution to enable all agencies to move to electronic contract files suc-
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cessfully. Further research is recommended to resolve the issues identified and allow DPAP to mandate the 
use of electronic contract files.
See full thesis text: https://calhoun.nps.edu/handle/10945/59601
Keywords: contract files, electronic contract files, digital contract files, paper contract files, Department of 
Defense, policy
CONTRACTING OFFICER’S REPRESENTATIVE (COR): AN ANALYSIS OF PART-TIME 
AND FULL-TIME COR ROLES, COMPETENCY REQUIREMENTS AND EFFECTIVENESS
Denise A. Tatum, Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Elliott C. Yoder, Graduate School of Business and Public Policy
Second Reader: William A. Muir, Graduate School of Business and Public Policy
This research was conducted to determine whether there is a benefit to developing full-time career contract-
ing officer’s representatives (CORs) versus assigning contract surveillance duties to part-time CORs. This 
research also addresses competencies necessary for CORs, the sufficiency of COR training and competency 
requirements, and whether or not there is a COR training gap that could be filled through the use of a Defense 
Acquisition Workforce Initiative Act (DAWIA) career field. The research methodology included a review of 
existing literature related to contract oversight issues, COR competency issues, and COR training, as well as 
interviews with CORs, COR leaders, and executive acquisition leadership to gain insight into how the COR 
role is currently being fulfilled and how it might be improved. The results of this research indicate that De-
partment of Defense contract surveillance is insufficient; that the role of the COR has expanded beyond the 
expectations of the current guidance and training; and that developing full-time CORs, establishing a COR 
career path, and improving COR training will ensure that adequately trained and experienced personnel are 
performing contract surveillance. Recommendations are provided for COR training improvements, the ap-
propriate assignment of CORs to existing DAWIA career fields, and development of a DAWIA COR career 
path.
See full thesis text: https://calhoun.nps.edu/handle/10945/59604
Keywords: contract administration, contracting officer’s representative, COR, COR career field, COR career 
path, COR training, COR competency requirements, contract surveillance
56
57
MASTER OF SCIENCE  
IN  
CYBER SYSTEMS AND OPERATIONS
CONSTRUCTING SOCIAL NETWORKS AND CLASSIFYING 
EMAIL ADDRESSES FROM RAW FORENSIC IMAGES
Erin C. Ward, Chief Warrant Officer 3, United States Army
Master of Science in Computer Science
Justin Goodwin, Lieutenant, United States Navy
Master of Science in Cyber Systems and Operations
Advisor: Michael R. McCarrin, Department of Computer Science
Co-Advisor: Marcus S. Stefanou, Department of Computer Science
Co-Advisor: Ralucca Gera, Department of Mathematics
The ability to find email addresses on digital storage media and deduce the relationships between them is 
critical for the success of many law enforcement and intelligence collection activities. Currently, building 
these social networks requires manually processing forensic images of acquired digital media. We conduct 
an experiment using readily available extraction and visualization tools along with a new algorithm that con-
structs networks based on the byte-offset proximity between digital artifacts. The main objective of this 
study is to test this new algorithm and refine techniques for classification with a goal of automating steps in 
the process of constructing social networks. To achieve this, we build an 11-terabyte dataset of drive images, 
construct networks from them, and assign these networks to the categories “useful” or “not useful” according 
to whether we believe them to contain information relevant to the actual social network of the device owner. 
We then interview device owners to determine ground truth, which we use to evaluate our analysis. We suc-
ceed in correctly categorizing networks with a recall of 0.9166, precision of 0.6316 and F-score of 0.7643. Our 
results show that our algorithm is successful in outputting data useful for the construction of the user’s social 
networks.
See full thesis text: https://calhoun.nps.edu/handle/10945/59616
Keywords: digital forensics, social networks, graph theory
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THE EMERGENCE OF ISIS IN THE PHILIPPINES
Edwin Enriquez Amadar, Colonel, Philippine Marine Corps
Robert W. Tuttle, Major, United States Army
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Heather S. Gregg, Department of Defense Analysis
Second Reader: Daniel T. Cunningham, Department of Defense Analysis
In May 2017, the Islamic State Philippines (IS-P) engaged the Armed Forces of the Philippines (AFP) in the 
city of Marawi in what became a violent, five-month battle that resulted in the death of 165 Filipino soldiers 
and policemen, 920 militants, and over 47 civilians, along with the near-total destruction of the city. This 
thesis aims to understand the conditions that led to the Battle of Marawi, including which insurgent groups in 
Mindanao pledged the bayat (the oath of allegiance) to the Islamic State in Iraq and Syria (ISIS) and formed IS-
P, and the resources these groups gained by aligning with ISIS. Using qualitative methods and visual analytics, 
the study reveals that ISIS gained a foothold in Mindanao by capitalizing on pre-existing Muslim insurgent 
groups that have historic grievances against the government. ISIS also brought important resources to the 
region, including foreign fighters, funding, social media support, and new tactics, techniques, and procedures. 
Ultimately, although the AFP ended the fighting in Marawi and eliminated two key insurgent leaders, the 
groups that formed IS-P and the underlying grievances still remain in Mindanao.
See full thesis text: https://calhoun.nps.edu/handle/10945/59634
Keywords: ISIS, Islamic State-Philippines (IS-P), Abu Sayyaf, Maute Group, Bangsamoro Islamic Freedom 
Fighters, Ansar Khalifa, MNLF, MILF,
SPECIAL OPERATIONS: QUANTIFIED DETERRENCE AGAINST 
RUSSIAN AGGRESSION IN EASTERN EUROPE
Steven M. Cooper, Major, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Fray B. Doyle, Major, United States Air Force
Master of Science in Defense Analysis (National Security Affairs)
Advisor: Robert E. Burks, Department of Defense Analysis
Second Reader: Hy S. Rothstein, Department of Defense Analysis
Russia threatens Eastern Europe, overtly and covertly, with offensive cyber-attacks, by shooting down aircraft, 
and through violations of international law such as the annexation of Crimea. The current economic sanctions 
are not deterring Russia from acting aggressively. Nuclear deterrence is not an appropriate or proportional 
deterrent of, or response to, these threats. The previous presidential administration held that Ukraine is not 
important enough to the United States to warrant conventional intervention. How can the U.S. military sup-
port a political warfare campaign to advance its national interests and deter Russia from advancing in Eastern 
European non-NATO states? This thesis examines how specific Title 10 authorities might allow an appropri-
ate deterrent to such threats. With the absence of other options, U.S. Special Operations Forces are uniquely 
organized, trained, and equipped to operate in these environments and may provide a solution. In order to 
deter Russian aggression, selected Title 10 tasks require blending and assessing the following factors: strategy, 
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tangible value at risk, tripwires, and risk of escalation. Special operations can help achieve deterrence against 
Russia.
See full thesis text: https://calhoun.nps.edu/handle/10945/59640
Keywords: SOF, Russia, special warfare, irregular warfare, joint, Putin, special operations, Eastern Europe, 
NATO, deterrence, deterrent, credibility, threat
PREDICTING THE OUTCOMES OF ASYMMETRIC WARS
Jihad A. El Khoury, Lieutenant Colonel, Lebanese Army
Andres Lapp, Captain, Estonian Army
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Robert E. Burks, Department of Defense Analysis
Second Reader: Jesse R. Hammond, Department of Defense Analysis
In the literature on asymmetric warfare, a great deal of disagreement and contradictory theories have arisen 
concerning factors affecting the outcomes of war. In an attempt to resolve the discrepancies among these 
theories, this thesis surveys why there is no single theory that adequately explains which factors affect the out-
comes of asymmetric wars. Using logistic regression models and statistical analysis for asymmetric conflicts 
occurring between 1945 and 2015, the thesis explores the effects of three independent variables (the number 
of actors offering external support to the non-state actor, the duration of the conflict, the regime type of the 
strong actor) and two control variables (gross domestic product and population) on the result of the conflicts. 
This thesis concludes that the number of external supporters to the non-state actor increases their probability 
of winning; that the increasing duration of the conflict also increases their probability of winning; that the 
probability of the democratic strong actor winning the conflict will decrease much faster than for a non-
democratic strong actor; and that democratic strong actors have a higher probability of winning against weak 
actors than do non-democratic actors in asymmetric wars. The approach presented in the thesis provides a 
new perspective to analyze factors that affect the outcomes of asymmetric conflicts, which may lead to a better 
general understanding of the outcomes of wars.
See full thesis text: https://calhoun.nps.edu/handle/10945/59650
Keywords: asymmetric warfare, logistic regression model, statistical analysis, independent variable, control 
variable, state actor, non-state actor, external supporters, duration of the conflict, regime type, outcome of the 
conflict
JUST STRIKE: A COMMANDER’S GUIDE TO PREEMPTIVE SELF-DEFENSE
This paper has been recognized as outstanding by its department.
John D. Huntsman, Major, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Bradley J. Strawser, Department of Defense Analysis
Second Reader: Gordon H. McCormick, Department of Defense Analysis
The imminence requirement for preemption can make all the moral difference in deciding to launch a lethal 
strike. Influenced by Michael Walzer’s just war criteria for preemption, I provide three necessary conditions 
to strike first in self-defense. A commander must justifiably believe three things: that an unjust aggressor is 
poised to attack, that her capacity to avert an attack is constrained by an imminent decision point or last win-
dow of opportunity, and that preemption is part of a moral-risk proportionate strategy. In any event, a com-
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mander must decide to preempt or not preempt under conditions of uncertainty. As such, I incorporate and 
supplement Seth Lazar’s rights-based expected utility approach to lethal action. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59688
Keywords: imminence, preemption, imminent threat, self-defense, moral risk, just war
ORGANIZATIONAL CULTURE IN AIR FORCE SPECIAL 
OPERATIONS COMMAND: MYTHS AND REALITIES
Brian R. Huston, Major, United States Air Force
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Sean F. Everton, Department of Defense Analysis
Co-Advisor: Edward H. Powley IV, Graduate School of Business and Public Policy
For 40 years, a large amount of literature has concluded that organizational culture and innovation are closely 
linked. This thesis uses a prominent organizational culture diagnostic tool, the organizational culture assess-
ment instrument, to map the organizational culture of Air Force Special Operations Command operational 
units and determine if the organization is naturally inclined to innovate. This study, conducted over a period 
of six weeks, concludes that Air Force special operations personnel believe their organization has a culture 
that is not inclined to innovate. This thesis compares and contrasts a theory of the historic Air Commandos’ 
organizational culture with a modern-day empirical analysis of Air Commando culture today. It illuminates 
potential conflicts in narratives and sources of organizational pain. It also uses the data collected to inform 
leadership of the tendencies of the current and desired organizational culture. Finally, it provides suggestions 
for further research to expand knowledge regarding organizational culture and innovation in special opera-
tions.
See full thesis text: https://calhoun.nps.edu/handle/10945/59690
Keywords: AFSOC, organizational culture, Air Commandos, SOCOM
L’'UNION FAIT LA FORCE: FUTURE TRENDS SHAPING 
INTEROPERABILITY BETWEEN CANSOFCOM AND THE RCAF
This paper has been recognized as outstanding by its department.
David Johnston, Major, Canadian Army
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Kalev I. Sepp, Department of Defense Analysis
Second Reader: Brian H. Greenshields, Department of Defense Analysis
A mature Special Operations Forces’ (SOF) capability requires dedicated airpower, yet the Royal Canadian Air 
Force (RCAF) has not responded to the deepening relevance of Canadian Special Operations Forces Com-
mand (CANSOFCOM). This study qualitatively analyzes eight trends that Canada should address to optimize 
SOF airpower. The trends are: remote piloting; artificial intelligence and machine autonomy; processing, 
exploitation, and dissemination (PED); Intelligence, Surveillance, and Reconnaissance (ISR); SOF mobility; 
precision strike; Alternative Service Delivery; and fuel sources. From these trends, this study finds ten implica-
tions for Canada and like-minded nations: the enduring need for human involvement as only human influence 
achieves long-term success; human-machine teaming that fuses human discernment and machine learning; 
the concept of joint by design; the idea of modular by design; Alternative Service Delivery and roll-on/roll-off 
platforms; alternative fuel futures like high-altitude pseudo-satellites and the Airfield Surface Assessment and 
Reconnaissance capability; big data PED, including smart sensors and novel analytics; employment consider-
ations for Manned ISR assets; tilt-rotor and the future of vertical lift; and the trade-offs between fifth-genera-
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tion stealth fighters like the F-35 and the down-teched OA-X observation-attack aircraft. This study ultimately 
advocates for greater interoperability between CANSOFCOM and the RCAF. Both are stronger together.
See full thesis text: https://calhoun.nps.edu/handle/10945/59692
Keywords: Canada, CAF, CANSOFCOM, RCAF, interoperability, remote piloting, artificial intelligence, ma-
chine autonomy, data processing, exploitation, and dissemination, Intelligence, Surveillance, and Reconnais-
sance, precision strike, Alternative Service Delivery, fuel, human-machine teaming, machine learning, joint 
by design, modular by design, smart sensors, analytics, pseudo satellites, airfield surface assessment, Manned 
Airborne ISR, future vertical lift, tilt-rotor, compound helicopter, F-35, OA-X
JUST WAR THEORY RELOADED: THE ETHICS OF SOF IN MODERN CONFLICT
Scott W. Orr, Major, United States Army
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Bradley J. Strawser, Department of Defense Analysis
Second Reader: Doowan Lee, Department of Defense Analysis
Recent conflicts have directed much academic and media attention to special operations forces (SOF). Despite 
the attention, the application of SOF in asymmetric conventional warfare or irregular conflict has not been 
fully examined in the context of just war theory. In addition, SOF have often been portrayed superficially as 
indiscriminate or unscrupulous warriors. This thesis argues, to the contrary, that the application of SOF rep-
resents an evolution of just war theory in an era of increasingly irregular conflict. This thesis expands just war 
thinking to activities short of armed conflict. It contends that SOF constitute a unique extension of the ethi-
cal principles that morally bind military capabilities under just war theory. Moreover, this thesis examines the 
moral utility of SOF operations as a means of preventing unnecessary loss of life prior to, during, and in the 
wake of armed conflict. SOF can function, in both theory and practice, as a distinct moral improvement over 
most other forms of irregular or indirect conflict, across nearly all phases of conflict. These conclusions aim 
to provide insight to planners, observers, and policy-makers who seek to understand and efficiently respond 
to emergent or persistent challenges to global stability and national security.
See full thesis text: https://calhoun.nps.edu/handle/10945/59564
Keywords: just war theory, morality of conflict, special operations, Special Operations Forces, Special Forces, 
competition below the level of armed conflict, irregular warfare, unconventional warfare, Phase Zero
CRITICAL VULNERABILITIES IN THE SPACE DOMAIN: USING NANOSATELLITES 
AS AN ALTERNATIVE TO TRADITIONAL SATELLITE ARCHITECTURES
This paper has been recognized as outstanding by its department.
Philip C. Swintek, Major, United States Army
Master of Science in Defense Analysis (Irregular Warfare) 
and Master of Science in Space Systems Operations
Advisor: Leo J. Blanken, Department of Defense Analysis
Advisor: Wenschel D. Lan, Department of Space Systems Academic Group
Co-Advisor: Scott M. Moore, Department of Space Systems Academic Group
Today, the U.S. military relies upon space-based technology for a myriad of functions from precision navi-
gation to satellite communication. Satellites greatly enable the modern American military and particularly 
empower special operations forces across the globe, supporting decentralized and geographically disparate 
operations. However, the United States is highly reliant upon this technology and thus increasingly vulnerable 
with potential adversaries undoubtedly possessing, or at least cultivating, the ability to attack America’s space-
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based infrastructure. As a safeguard against such vulnerabilities, nanosatellites, cube satellites (CubeSats), and 
other small satellites are a low-cost and expedient solution to build redundancy and resiliency, offering unique 
options as an alternative to traditional satellite systems. To support this hypothesis, this thesis provides such 
an alternative: A Software Assisted VHF Information Overhead Relay-CubeSat (SAVIOR-Cube). SAVIOR-
Cube is a software-defined radio (SDR) payload operating as a very high frequency (VHF) relay via a nanosat-
ellite in low Earth orbit. This thesis demonstrates the depth of the problem a payload such as SAVIOR-Cube 
could solve, the applicability of nanosatellite solutions to U.S. forces today, and the results of extensive testing, 
culminating with a proof of concept high-altitude balloon flight. Nanosatellites are a viable alternative to tra-
ditional space-based infrastructure—a solution to a critical vulnerability.
See full thesis text: https://calhoun.nps.edu/handle/10945/59600
Keywords: satellite communication, SATCOM, nano satellites, cube satellites, CubeSats, very high frequency, 
VHF, space-based technology, special operations forces, SOF, software-defined radio, SDR, VHF relay, high 
altitude balloon, HAB, Software-Assisted VHF information overhead relay-CubeSat, SAVIOR-Cube
ILLUMINATING THE GRAY ZONE: USING SOCIAL MOVEMENT 
THEORY TO DETECT EARLY SIGNS OF SUBVERSIVE THREATS
Fredrik Wegersjoe, Captain, Swedish Marine Corps
Master of Science in Defense Analysis (Irregular Warfare)
Advisor: Sean F. Everton, Department of Defense Analysis
Co-Advisor: Doowan Lee, Department of Defense Analysis
Although well-established indicators make it possible to predict hostile conventional military actions, few such 
indicators exist to help defense planners anticipate the onset of subversive activities by foreign adversaries. 
In the 21st century, however, Western societies have often been targeted by adversaries who exploit environ-
mental aspects of the gray zone to subvert the democratic process and influence decision making. The use of 
non-state actors and social mobilization as well as non-military tactics, such as political, psychological, and 
information strategies, have frequently escalated to crises due to lack of situational awareness. This research 
provides a brief overview of the gray-zone literature, social movement theories (SMT), and social network 
analysis/social media exploitation to show how these theories and methods can enhance our understanding of 
current crises. Based on case studies of Ukraine and Estonia, this research uses SMT to conceptualize, exam-
ine, and identify early indicators of Russian subversive actions by carefully analyzing how gray-zone conflicts 
emerge.
See full thesis text: https://calhoun.nps.edu/handle/10945/59619
Keywords: gray zone, Russia, subversion, social movement theory, non-state actor, early indicators, proxy 
warfare, Ukraine, human domain, social mobilization.
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CLUSTER COMPUTING FOR AUTOMATED NETWORK ANALYSIS AT SCALE
Benjamin J. Brida, Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Frank E. Kragh, Department of Electrical and Computer Engineering
Co-Advisor: James W. Scrofani, Department of Electrical and Computer Engineering
Conventional single node packet analyzers are unable to monitor network traffic at scale. In this thesis, ele-
ments of the Apache Hadoop ecosystem, including HBase, Spark, and MapReduce, are employed to conduct 
network traffic analysis on a large collection of network traffic. Limited analysis is conducted directly on pack-
et capture next generation (pcapng) files on the Hadoop Distributed File System (HDFS) using MapReduce. 
Next, to allow for repeated analysis on the same dataset without reading all source files in their entirety for 
every calculation, pcapng files are parsed and relevant meta-data is bulk loaded into HBase, a Not Only Struc-
tured Query Language (NoSQL) database employing the HDFS for parallelization. This NoSQL database is 
then accessed via Apache Spark, where pertinent data is loaded into DataFrames and additional analysis on the 
network traffic takes place. This research demonstrates the viability of custom, modular, automated analytics, 
employing open-source software to enable parallelization, to conduct traffic analysis at scale. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59618
Keywords: big data, MapReduce, Hadoop, packet capture, traffic analysis, network analysis, Spark, HBase
DESIGNING AND CONFIGURING PROOF-OF-CONCEPT LPI RADAR RF FRONT END
Qijing Chua, Civilian, DSO National Laboratories, Singapore
Master of Science in Electrical Engineering
Co-Advisor: David C. Jenn, Department of Electrical and Computer Engineering
Co-Advisor: Ric Romero, Department of Electrical and Computer Engineering
Multi-function systems that perform radar detection, conduct electronic warfare, and enable communications 
between platforms and troops are highly desirable; however, integrating these functions into a single pack-
age of limited physical size presents significant challenges. The design, assembly, configuration, and analysis 
of a transceiver radio frequency (RF) front end using commercial off-the-shelf modules to test the various 
functions of a proof-of-concept multi-function RF system are presented in this thesis. Various transceiver 
RF requirement analyses are performed including frequency selection, intermodulation products, minimum 
discernable signal, dynamic range, filter needs, noise figure, required signal-to-noise power ratio, transmit-
ter and receiver gain analyses, and transmit power. Power, gain, and filter measurements through the receive 
chain were obtained to validate the RF receiver and transmitter front end designs. Results indicate that various 
RF requirements are met. Eventual miniaturization and integration of the whole RF transceiver into a single 
package are discussed.
See full thesis text: https://calhoun.nps.edu/handle/10945/59636
Keywords: RF receiver design, LPI radar, RF transmitter design, BPF, IF, ADC, super-heterodyne, MDS





DETECTING RANSOMWARE THROUGH POWER ANALYSIS
Jacob D. Melton, Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: John D. Roth, Electronic Systems Engineering & Applied Mathematics Programs Office
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Cyber criminals are increasingly using malicious programs to take control of and exploit individuals’, busi-
nesses’, and governments’ data. A large portion of malware is a type called ransomware, which finds a way 
to restrict the infected user’s access to data until a payment is obtained. Current detection solutions include 
programs that analyze file system changes and registry events, employ honeypot techniques, and identify 
anomalies in network patterns. This research presents an algorithm developed to detect ransomware by ana-
lyzing a computer’s power consumption. Specifically, the algorithm identifies features of the computer’s power 
consumption that are indicative of encryption operations. We can successfully identify encryption of files with 
sizes of 500MB and greater with a high degree of success. By applying our encryption detection algorithm to 
the Cryptographic Ransomware, we are able to successfully identify the execution of WannaCry Ransomware 
samples.
See full thesis text: https://calhoun.nps.edu/handle/10945/59721
Keywords: solid-state drive, power analysis, ransomware, encryption
IMPLEMENTATION OF REACTIVE POWER FLOW 
CONTROL IN A SINGLE-PHASE MICROGRID
Christopher Mendoza, Commander, United States Navy
Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Second Reader: Roberto Cristi, Department of Electrical and Computer Engineering
Advancements have been made in the field of power electronics and particularly in energy management of 
microgrids. In this thesis, we present a comparison of two single-phase reactive power control strategies 
used to achieve a unity power factor with an energy management system in an AC microgrid. The first 
method measures the root-mean square of both voltage and current, and relies on principles derived from 
the power triangle. The second method is based on the instantaneous reactive power αβ theory normally 
proposed for three-phase systems. In creating a secondary imaginary orthogonal circuit, this control meth-
od can be applied to a single-phase system. The proposed control schemes were designed and validated 
utilizing a physics-based microgrid model. The model was used in a grid-connected mode scenario with a 
resistive-inductive load. Once both methods were designed and implemented in MATLAB-SIMULINK, 
the model behaved as expected for real power. Both control methods were nearly identical in providing re-
active power compensation to create unity power factor. Some differences were observed while conducting 
transient-type testing, but they had a negligible impact on the overall operation of the microgrid. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59553




HIGH-ENERGY ELECTRON IRRADIATION OF HIGH-EFFICIENCY 
THIN-FILM GALLIUM ARSENIDE SOLAR CELLS
Matthew G. Murdock, Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Sherif N. Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew A. Porter, Department of Electrical and Computer Engineering
The electrical power supplied to satellites will continue to be provided by solar cells for the foreseeable future 
and new technologies and better methods of production for these cells will continue to be developed. Addi-
tionally, the space environment within the Earth’s radiation belts and the effect of the radiation on solar cells 
within this environment is well documented. The effects of radiation on solar cells outside this environment 
with the use of an 8-MeV electron beam was investigated. Thin-film high-efficiency gallium arsenide test de-
vices were characterized, and an analysis of the thin-film devices’ performance post-irradiation was conducted 
via illuminated DC current-voltage and external quantum efficiency measurements. The results of this analysis 
showed a drastic reduction in device short circuit current of over 95% by a total electron fluence of 1016 cm-2.
See full thesis text: https://calhoun.nps.edu/handle/10945/59561
Keywords: thin-film, solar cells, electron irradiation, GaAs, high-energy, space
 
MODELING SCHOTTKY BARRIER GAAS SOLAR CELL USING SILVACO ATLAS
Steamboat Rock, Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Sherif N. Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew A. Porter, Department of Electrical and Computer Engineering
Gallium Arsenide (GaAs) solar cells are proven lightweight and high-power density photovoltaic devices that 
offer significant performance improvements over conventional silicon solar cells; however, only a handful of 
commercial companies currently produce GaAs cells due to manufacturing costs. The objective of this thesis 
is to investigate the combined performance of several uncommonly used methods of fabricating thin-film 
GaAs solar cells, which show promise in reducing the cost of cell fabrication. Using Silvaco ATLAS Technol-
ogy Computer Aided Design, we simulated and optimized the performance of back-side contact thin-film 
solar cells. In such a design, both anode and cathode contacts are placed on the same side of a device, result-
ing in no shadowing of incoming light. The replacement of the AlGaAs emitter with a Schottky junction was 
simulated and evaluated and compared to the original back-side contact design. Finally, a method of improv-
ing the Schottky barrier height of the Schottky design was simulated and evaluated.
See full thesis text: https://calhoun.nps.edu/handle/10945/59575




MODELING AND CONTROL OF A MICROGRID USING A HYBRID 
ENERGY STORAGE SYSTEM WITH SUPERCAPACITORS
Michael J. Ross Jr., Ensign, United States Navy
Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
Lead-acid batteries have traditionally been used for energy storage in microgrid applications. Implementing an 
energy management system–controlled supercapacitor (SC) and lead-acid battery hybrid energy storage system 
(HESS) has been shown to reduce operational costs by extending battery lifetimes. The SCs can be controlled 
to provide the high-frequency, power-dense component of the load power, which reduces the daily cyclical 
stress and state-of-charge depletion of the lead-acid batteries; however, the HESS must be appropriately sized 
based on cost constraints, available power sources, and load demand. The enabling theory and design of a 
SIMULINK model of a DC microgrid are discussed in this thesis. The results obtained from this model il-
lustrate the energy exchange between microgrid components, demonstrate some of the potential benefits of 
implementing a HESS, and provide useful data for battery and SC sizing. The DC microgrid model is scalable 
and can use any user-defined combination of source and load profiles. In islanded mode, the lead-acid bat-
tery and SC banks need to be unrealistically large to provide adequate power to the load. In grid-connected 
mode, the HESS sizing requirements are significantly reduced, and the overall energy savings of the system 
are improved.
See full thesis text: https://calhoun.nps.edu/handle/10945/59577
Keywords: energy management system,EMS, hybrid energy storage system, HESS, lead-acid battery, superca-
pacitor, SC, microgrid
DESIGN AND PROTOTYPING OF A PORTABLE NAVAL WEAPON 
CONTROL SYSTEM FOR HEAVY MACHINE GUNS
Evangelos Serris, Lieutenant, Hellenic Navy
Master of Science in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Second Reader: James Calusdian, Department of Electrical and Computer Engineering
Close-in weapon systems (CIWS) are an essential, computer-controlled defensive measure available on mod-
ern warships. Due to their size and weight, however, CIWS are deployed only on warships with a displacement 
over 1,000 tons. Smaller ships, such as patrol boats, still carry and use less accurate crew-controlled heavy 
machine guns. We propose a small, lightweight, and portable CIWS that can be easily installed onto smaller 
warships. The proposed CIWS incorporates automated target tracking to reduce errors that arise from manual 
operation. A prototype system, consisting of a stabilizing platform and a gun control unit, was designed and 
constructed for this research. The prototype incorporated sensors and microcontrollers to provide an au-
tomated target tracking capability. Two independent closed-loop controllers were implemented integrating 
inertial and vison-based sensors to provide automatic stabilization and tracking. A support structure for the 
prototype was fabricated using parts made with a three-dimensional printer. Through experimental mea-
surement and simulations, performance of the prototype was evaluated and compared favorably with that of 
existing CIWS systems; however, during the course of this work, we found that several improvements would 
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be required to make the proposed portable CIWS a viable solution. The work highlighted the need for an up-
graded inertial sensor, motor gear assemblies that have much less backlash, and stronger supporting structure.
See full thesis text: https://calhoun.nps.edu/handle/10945/59588
Keywords: close-in weapon system, CIWS, PID controller, computer vision, Arduino microcontroller
IMPLEMENTATION OF THE FAST FOURIER TRANSFORM 
ONBOARD CFTP-7 SPACE EXPERIMENT
Alan A. Walker III, Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Herschel H. Loomis, Department of Electrical and Computer Engineering
Co-Advisor: James H. Newman, Space Systems Academic Group
A satellite to be used as a testbed for experiments such as the Configurable Fault Tolerant Processor (CFTP) 
was designed at the Naval Postgraduate School. This processor consists of a field programmable gate array 
(FPGA), which may be reprogrammed by receiving a signal from a source external to the satellite. Experi-
mentation of a high-speed pipelined and fault tolerant fast Fourier transform (FFT) was conducted for use 
within the CFTP. In this thesis, we detail the development and testing of a high-speed pipelined FFT in which 
fault tolerance can be applied at a later opportunity. Xilinx Vivado ISE® was utilized to synthesize behavioral 
Verilog to program an FPGA. Xilinx Vivado ISE’s® simulation suite produced waveforms to demonstrate 
functionality. Launch of CFTP is planned for FY18 aboard NPSat-1.
See full thesis text: https://calhoun.nps.edu/handle/10945/59613
Keywords: Field Programmable Gate Array, FPGA, NPSat-1, satellite, fault tolerance, Fast Fourier Transform, 
FFT, discrete Fourier transform, DFT, reprogrammable computers, Configurable Fault Tolerant Processor, 
CFTP, MidStar-1, CFTP-1, CFTP-7, Parseval’s theorem
OPTIMIZATION OF MULTI-JUNCTION SOLAR CELLS FOR SPACE 
APPLICATIONS MODELED WITH SILVACO ATLAS
James S. Walsh, Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Sherif N. Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew A. Porter, Department of Electrical and Computer Engineering
Dual junction solar cells are used in space applications for their high efficiency. In this thesis, we model an 
indium gallium phosphide/gallium arsenide dual-junction solar cell. The solar cell is modeled using Silvaco 
ATLAS software. Solar cell layer thicknesses and doping concentrations were varied to find optimum effi-
ciency parameters for the solar cell under a variety of radiation conditions. These radiation conditions mimic 
the damage done at various orbits around Earth for an arbitrary mission length of 12 years. The optimization 
process resulted in an improved efficiency of 15.1% to 22.4%. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59615
Keywords: dual junction, solar cell, optimization, NOLH, Silvaco, radiation
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EVALUATION OF SAFETY PROTOCOLS FOR NASA AMES/
USCG SMALL BOAT RECOVERY EXPERIMENT
Rebecca A. Fosha, Lieutenant Commander, United States Coast Guard
Master of Science in Human Systems Integration
Advisor: Lawrence G. Shattuck, Department of Operations Research
Co-Advisor: Lyn R. Whitaker, Department of Operations Research
Co-Advisor: Michael E. McCauley, Department of Operations Research
Second Reader: Panagiotis Matsangas, Department of Operations Research 
The United States Coast Guard (USCG) has contracted the National Aeronautical and Space Administration 
(NASA) to study human performance in a small boat recovery task on the Vertical Motion Simulator (VMS) 
in Mountain View, California. Due to safety concerns, participants will be required to wear lanyards connect-
ing them to the simulator structure. Lanyards impart a force on the body and may change postural sway with 
important effects on performance on the small boat recovery task. The effects of similar lanyards on postural 
stability in a similar task were investigated in this thesis. Thirty-six participants completed the small boat task 
on a block (stable platform) or a BOSU balance trainer (unstable platform) with no lanyards, two lanyards 
(equal force on front and back), or four lanyards (more force on the back than the front). Significant differences 
in postural sway variability and central tendency were identified for the four-lanyard condition. Subjective 
fatigue ratings increased during the study but did not correlate to postural sway results. Participants employed 
different strategies to complete the task and maintain postural stability, suggesting important directions for 
future research. The results and recommendations from the study were provided to USCG/NASA researchers 
for use in key decisions for the VMS experiment. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59659
Keywords: postural stability, human performance, postural sway, motion-induced interruptions, small boat 
recovery, human systems integration





MASTER OF SCIENCE  
IN 
INFORMATION STRATEGY AND POLITICAL WARFARE
A SYSTEMS THINKING APPROACH TO UNDERSTANDING CHINESE FOREIGN POLICY
Beverly W. Sim, Singapore Ministry of Defense 
Master of Science in Information Strategy and Political Warfare
Advisor: Wayne Porter, Department of Defense Analysis
Co-Advisor: Hy S. Rothstein, Department of Defense Analysis
The foreign policy system of any state is complex and dynamic. Dynamic complexity arises because of multiple 
feedbacks, non-linearity, multiple interconnections and strong interactions, time delay, and the ability of the 
agents within the system to adapt. Although there is a tendency to rely on reductionist approaches to establish 
causal relationships, reductionist approaches tend to provide one-dimensional perspectives and are ill-suited 
for complex problems with multiple interrelated components. This thesis shows how adopting a systems 
thinking approach to examining the Chinese foreign policy system may result in a better understanding of the 
overall system and its specific subsystems. By converting the variables into a causal loop diagram (CLD), the 
policy-maker can consider developments through a more holistic perspective and gain insights on feedback, 
hidden interdependencies, and multiple interrelated components. The CLDs developed provide illustrations 
of the complex, multi-dimensional interactive effects of key variables that affect the foreign policy decision-
making process in China. With the identification of reinforcing and balancing loops, the policy-maker can 
gain a better understanding of how system effects can ultimately have an impact on policy outcomes, and 
perhaps make better-informed decisions.
See full thesis text: https://calhoun.nps.edu/handle/10945/59591
Keywords: systems thinking approach, systems thinking, causal loop diagrams, CLD, feedback, interdepen-
dency, Chinese foreign policy
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INFORMATION TECHNOLOGY IN THE UNITED STATES MARINE CORPS: A CASE 
STUDY OF INNOVATION AND CHANGE USING A SYSTEM DYNAMICS PERSPECTIVE
This paper has been recognized as outstanding by its department.
Rebecca Bolz, Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Frank J. Barrett, Graduate School of Business and Public Policy
Second Reader: Tarek K. Abdel-Hamid, Department of Information Sciences
The Department of Defense lacks case studies that investigate and detail the innovation and adoption of 
information technology systems. This qualitative study develops a case study to explore the factors that con-
tributed to the United States Marine Corps’ innovation and adoption of Ripper Academy, a video-streaming 
platform that allows Marines to create, share, and view user-generated video content. This research addresses 
the research question: How can the United States Marine Corps successfully employ the principles of change 
management and system dynamics to innovate and ensure the adoption of information technology systems? 
Using the change formula, John Kotter’s eight-stage process, and the Awareness, Desire, Knowledge, Ability, 
Reinforcement (ADKAR) change model, an analysis of the Ripper Academy case study highlights the impor-
tance of internal and external champions, a vision for the future, actual data, the support of a guiding coali-
tion, bottom-up and top-down support, and individual abilities when implementing an organizational change. 
Referencing the limits to growth archetype and Bass diffusion model, the case study identifies incentives, 
advertising, word-of-mouth, inaccessibility, and dissatisfaction as possible variables impacting the adoption of 
Ripper Academy. This research provides a teaching case study that examines the innovation and adoption of 
an information technology system in the United States Marine Corps.
See full thesis text: https://calhoun.nps.edu/handle/10945/59552
Keywords: information technology, information technology system, IT, innovation, adoption, change man-
agement, system dynamics, Ripper Academy
EXAMINATION OF COGNITIVE LOAD IN THE HUMAN-MACHINE TEAMING CONTEXT
This paper has been recognized as outstanding by its department.
Alan J. Clarke, Lieutenant Colonel, United States Marine Corps
Daniel F. Knudson III, Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan C. Boger, Department of Information Sciences
Co-Advisor: Scot A. Miller, Department of Information Sciences
The Department of Defense (DoD) is increasingly hoping to employ unmanned systems and artificial in-
telligence to achieve a strategic advantage over adversaries. While some tasks may be suitable for machine 
substitution, many parts of the DoD’s mission continue to require boots on the ground and humans in the 
loop working in interdependent human-machine teams. The commercial unmanned systems marketplace 
and active UxS and autonomous systems offer military research and acquisitions professionals promising 
technical solutions but may integrate poorly in a human-machine team application. The authors developed a 
framework for analyzing task-to-technology matches and team design for military human-machine teams. The 
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framework is grounded in the cognitive theories of situational awareness and decision making, team dynamics, 
and functional allocation literature. Additionally, the research recommends developing a shared DoD-wide 
understanding of autonomous systems terms and taxonomy, and educating operational leaders, acquisitions 
staff, and executives about realistic expectations and employment of autonomous systems in human-machine 
environments.
See full thesis text: https://calhoun.nps.edu/handle/10945/59638
Keywords: autonomy, human-machine teaming, unmanned systems 
UNMANNED TACTICAL AUTONOMOUS CONTROL AND COLLABORATION (UTACC) 
HUMAN MACHINE COMMUNICATION AND SITUATIONAL AWARENESS DEVELOPMENT
John M. Fout, Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
James M. Ploski, Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan C. Boger, Department of Information Sciences
Co-Advisor: Scot A. Miller, Department of Information Sciences
The Unmanned Tactical Autonomous Control and Collaboration (UTACC) system seeks to integrate Marines 
and machines in a way that does not add to the cognitive load of warfighters. How do machines communicate 
with humans and vice versa when they are interdependent teammates, rather than following a framework of 
the human operating the robot? Key to this capability is the capacity to incorporate observability, predict-
ability and directability into the interface designs. Previous research studied this question from a context of a 
Marine fireteam that had a robot as one of its members. Choosing the right type of interface to facilitate com-
munications between members of a fireteam (be they human or machine) is essential to their ability to actually 
function as a team and trust one another, but those communications occur in the immediate proximity of the 
teammates. What changes when you seek to expand this concept beyond a small unit? Three essential focus 
areas are included in this thesis. First, what is the essential information required to maintain situational aware-
ness between a UTACC fireteam and higher echelons of military units? In other words, this is the “what” of 
information being exchanged. Secondly, what are the interface design principles that will hold true no matter 
what type of information is being exchanged? Finally, this thesis presents proposed methods to evaluate these 
principles and the specific information exchange requirements.
See full thesis text: https://calhoun.nps.edu/handle/10945/59661
Keywords: Unmanned Tactical Autonomous Control and Collaboration, UTACC, situation awareness, co-
active design, team situational awareness, interdependency, human machine interface, Marine Corps task list, 
measure of effectiveness, measure of performance
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STIGMERGIC CONTROL OF DUAL DIRECTION COMMUNICATION 
FERRY NODES FOR DENIED COMMUNICATION ENVIRONMENTS
This paper has been recognized as outstanding by its department.
Andrew Hietpas, Major, United States Marine Corps
Master of Science in Information Technology Management 
and Master of Science in Information Warfare Systems Engineering
Advisor: Duane T. Davis, Department of Computer Science
Co-Advisor: Robert Hunjet, Australian Defence Science and Technology Group
Co-Advisor: John H. Gibson, Department of Computer Science
For the past decade, the Marine Corps has been able to assume uncontested use of the electromagnetic spec-
trum, and its command and control systems reflect this assumption. It must prepare for when this is not the 
case by developing a system designed to operate in contested electromagnetic environments. Previous work by 
the Australian Defence Science and Technology Group researchers on delay-tolerant networking using an un-
manned aerial vehicle (UAV) swarm as communication ferry nodes provides one solution. They achieve even 
dispersion through speed adjustments on unidirectional data ferries traversing the polygon formed by ground 
node locations based on digital pheromone values. This thesis builds upon their work by developing a method 
to evenly disperse ferry nodes traveling both clockwise and counterclockwise without inter-UAV communica-
tion. This reduces the primary disadvantage of delay tolerant networking, the message delivery delay. Unlike 
the single-direction system, this even dispersion is periodic because the ferry nodes approach one another 
after reaching even dispersion before reaching even dispersion once again after passing. Due to this, only one 
ground node in the system should link the two directional pheromones. We found that multiple adjusting 
ground nodes attempt to pull the system into contradictory equilibrium states. We have verified this concept 
in simulation and integrated it with the Naval Postgraduate School ARSENL program for future testing.
See full thesis text: https://calhoun.nps.edu/handle/10945/59685
Keywords: swarming, unmanned aerial vehicles, UAVs, stigmergy, command and control, delay tolerant net-
working, swarm intelligence, emergence, data ferrying, digital pheromones
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AN ANALYSIS OF THE MARINE CORPS’ ORGANIZATIONAL FITNESS FOR 
PEAK PERFORMANCE IN THE FUTURE OPERATING ENVIRONMENT
This paper has been recognized as outstanding by its department.
David C. Burton, Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Raymond R. Buettner Jr., Department of Information Sciences
Co-Advisor: Erik Jansen, Department of Information Sciences
The future operating environment, as discussed in the Marine Corps Operating concept, is characterized by 
friction, uncertainty, and information warfare at all levels. The Marine Corps conducted an initial reorganiza-
tion of the Marine Expeditionary Force Command Element (MEF CE) to adapt to this change. This research 
analyzes whether the MEF CE is now organized properly to operate with peak performance in the future 
operating environment. To determine this, the research includes an analysis of Marine Corps doctrine and 
concepts and a survey and semi-structured interviews of Marine Corps personnel, which serve to provide 
input into two tools used for further analysis: organizational consultant and the Star model. Both tools assist 
with a rigorous analysis of the MEF CE’s organizational fitness and led to the conclusion that while the initial 
reorganization of the MEF CE is positive, it requires further refinement. This thesis recommends six organi-
zational design adjustments at both the MEF CE and Marine Corps levels. These recommendations are meant 
to focus and inform future research and experimentation as the MEF CE and Marine Corps continue to adapt 
the force to its future operating environment.
See full thesis text: https://calhoun.nps.edu/handle/10945/59635
Keywords: organizational design theory, organization theory, organizational analysis, contingency theory, or-
ganization, information environment, Marine Corps, USMC, MEF Information Group, MIG, star model, 
multi-contingency diagnosis and design model, Organizational Consultant, ORGCON, expert system, Or-
ganizational Consultant, MAGTF Information Environment Operations, Marine Expeditionary Force Com-
mand Element MEF CE, MEF Staff, planning, commander’s decision  making cycle,  MAGTF fires, informa-
tion operations, IO, OIE, IEO, future operating environment
UNMANNED TACTICAL AUTONOMOUS CONTROL AND COLLABORATION (UTACC) 
HUMAN MACHINE COMMUNICATION AND SITUATIONAL AWARENESS DEVELOPMENT
John M. Fout, Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
James M. Ploski, Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan C. Boger, Department of Information Sciences
Co-Advisor: Scot A. Miller, Department of Information Sciences
The Unmanned Tactical Autonomous Control and Collaboration (UTACC) system seeks to integrate Marines 
and machines in a way that does not add to the cognitive load of warfighters. How do machines communicate 
with humans and vice versa when they are interdependent teammates, rather than following a framework of 
the human operating the robot? Key to this capability is the capacity to incorporate observability, predict-
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ability and directability into the interface designs. Previous research studied this question from a context of a 
Marine fireteam that had a robot as one of its members. Choosing the right type of interface to facilitate com-
munications between members of a fireteam (be they human or machine) is essential to their ability to actually 
function as a team and trust one another, but those communications occur in the immediate proximity of the 
teammates. What changes when you seek to expand this concept beyond a small unit? Three essential focus 
areas are included in this thesis. First, what is the essential information required to maintain situational aware-
ness between a UTACC fireteam and higher echelons of military units? In other words, this is the “what” of 
information being exchanged. Secondly, what are the interface design principles that will hold true no matter 
what type of information is being exchanged? Finally, this thesis presents proposed methods to evaluate these 
principles and the specific information exchange requirements.
See full thesis text: https://calhoun.nps.edu/handle/10945/59661
Keywords: Unmanned Tactical Autonomous Control and Collaboration, UTACC, situation awareness, co-
active design, team situational awareness, interdependency, human machine interface, Marine Corps task list, 
measure of effectiveness, measure of performance
IDENTIFICATION AND MAPPING OF CELLULAR TELEPHONES 
TO DEFEAT RADIO-CONTROLLED IEDS 
Michael J. Gocke, Major, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Alex Bordetsky, Department of Information Sciences
Second Reader: Steven J. Mullins, Department of Information Sciences
The purpose of this thesis is to develop a means of identifying and mapping radio-controlled improvised 
explosive devices (RCIEDs) that use cellular telephones as a means of activation. By understanding the regu-
lating bodies that allocate and control the frequency bands within the electromagnetic spectrum, this thesis 
tests the validity of deriving required inputs for a mathematical algorithm to compute the range to an emitting 
cellular device. Computationally deriving the range and coupling it with the direction-finding capabilities of 
spectrum analyzers will enable the development of a handheld device in the future to map the location of 
cellular telephones in the operating area around a ground unit. Possessing the ability to map the location of 
emitting devices will enable ground units to not only safely bypass an RCIED but defeat it before detonation.
See full thesis text: https://calhoun.nps.edu/handle/10945/59666
Keywords: electromagnetic, spectrum, mapping, radio-controlled improvised explosive device, radio-con-
trolled improvised explosive devices, RCIED
FIELD PROGRAMMABLE GATE ARRAY HIGH CAPACITY TECHNOLOGY 
FOR RADAR AND COUNTER-RADAR DRFM SIGNAL PROCESSING 
This paper has been recognized as outstanding by its department.
Hawken L. Grubbs, Captain, United States Marine Corps
Master of Science in Information Warfare Systems Engineering
Advisor: Phillip E. Pace, Department of Electrical and Computer Engineering
Co-Advisor: Steven J. Iatrou, Department of Information Sciences
Radar systems often use low power, continuous waveform radio frequency (RF) modulations and require 
high-speed adaptive signal processors to provide the necessary processing gain to detect small radar cross-
section targets in clutter on range-Doppler maps. Counter-radar technologies include digital RF memories 
(DRFMs) that attempt to provide multiple, structured false targets with clutter, for example, using a pipelined, 
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finite impulse response arrangement of complex range bin processors. This thesis investigates high-capacity 
field-programmable gate array technology to enable on-the-fly flexibility and reconfigurability for both radar 
signal processing and DRFM electronic attack using a Xilinx Virtex Ultrascale+. A three-stage range, Dop-
pler, post-detection integration radar modulation compression circuit is designed and quantified. A range 
compression circuit with a peak power consumption of 6.100W and a post-implementation utilization of 11% 
was designed. The Doppler filter bank was designed at 400 MHz with a peak power consumption of 2.688W 
and a post-implementation utilization of 9%. A coherent integration processor at 400 MHz had a peak power 
consumption of 2.517W and a post-implementation utilization of 9%.  In addition, a DRFM complex range 
bin processor was designed and quantified at 500 MHz and had a peak power 2.543W with a post-implemen-
tation utilization of 11%.
See full thesis text: https://calhoun.nps.edu/handle/10945/59670
Keywords: LPI radar, low probability of intercept radar, field-programmable gate array, FPGA, Virtex Ultra-
scale+, Vivado, Simulink, DSP, digital signal processing, digital radio frequency memory, DRFM, Xilinx
STIGMERGIC CONTROL OF DUAL DIRECTION COMMUNICATION 
FERRY NODES FOR DENIED COMMUNICATION ENVIRONMENTS
This paper has been recognized as outstanding by its department.
Andrew Hietpas, Major, United States Marine Corps
Master of Science in Information Technology Management 
and Master of Science in Information Warfare Systems Engineering
Advisor: Duane T. Davis, Department of Computer Science
Co-Advisor: Robert Hunjet, Australian Defence Science and Technology Group
Co-Advisor: John H. Gibson, Department of Computer Science
For the past decade, the Marine Corps has been able to assume uncontested use of the electromagnetic spec-
trum, and its command and control systems reflect this assumption. It must prepare for when this is not the 
case by developing a system designed to operate in contested electromagnetic environments. Previous work by 
the Australian Defence Science and Technology Group researchers on delay-tolerant networking using an un-
manned aerial vehicle (UAV) swarm as communication ferry nodes provides one solution. They achieve even 
dispersion through speed adjustments on unidirectional data ferries traversing the polygon formed by ground 
node locations based on digital pheromone values. This thesis builds upon their work by developing a method 
to evenly disperse ferry nodes traveling both clockwise and counterclockwise without inter-UAV communica-
tion. This reduces the primary disadvantage of delay tolerant networking, the message delivery delay. Unlike 
the single-direction system, this even dispersion is periodic because the ferry nodes approach one another 
after reaching even dispersion before reaching even dispersion once again after passing. Due to this, only one 
ground node in the system should link the two directional pheromones. We found that multiple adjusting 
ground nodes attempt to pull the system into contradictory equilibrium states. We have verified this concept 
in simulation and integrated it with the Naval Postgraduate School ARSENL program for future testing.
See full thesis text: https://calhoun.nps.edu/handle/10945/59685
Keywords: swarming, unmanned aerial vehicles, UAVs, stigmergy, command and control, delay tolerant net-
working, swarm intelligence, emergence, data ferrying, digital pheromones
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THE INTERNET AND SOCIAL MEDIA AS INFORMATION OPERATIONS 
AND PUBLIC RELATIONS TOOLS FOR THE TURKISH ARMED FORCES
Sercan Turan, Lieutenant Junior Grade, Turkish Navy
Master of Science in Information Warfare Systems Engineering
Advisor: Steven J. Iatrou, Department of Information Sciences
Second Reader: Raymond R. Buettner Jr., Department of Information Sciences
Social networking sites (SNSs) are becoming essential to communication and interaction. While companies 
use social media to advertise their products, politicians use it to influence people and garner trust. Similarly, 
some modern armed forces are also embracing social media to reach an increasing number of people and share 
information daily. The Turkish Armed Forces, on the other hand, have only a few social networking sites, 
launched in 2015 and 2018—relatively late compared with other armed forces. Moreover, the public cannot 
interact with the Turkish Armed Forces on these sites due to severe restrictions including “comment and like 
blocking.” Lack of presence online can foster disinformation and a lack of confidence. To prevent disinforma-
tion, garner trust, and maintain positive relationships with the public, this thesis recommends ways the Turk-
ish Armed Forces can maximize its communication efforts utilizing social networking sites in an effective 
and well-structured way. This thesis obtains data from several social media analytics tools in order to search, 
extract, analyze, and visualize data and focuses on statistics about the Internet and SNSs related to Turkey, the 
Turkish Armed Forces, and the world to point out the importance of being active on SNSs for public relations 
and information operations.
See full thesis text: https://calhoun.nps.edu/handle/10945/59605
Keywords: Turkish Armed Forces, social media, social networking sites, SNS, Facebook, Twitter, YouTube 
social media analysis, information operations, public relations, trust, influence, bilgi harbi, Turk Silahli Kuv-
vetleri
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MASTER OF SCIENCE  
IN 
MANAGEMENT
ALTERING THE GENDER COMPOSITION IN THE MARINE 
CORPS: RECRUITING AND READINESS IMPLICATIONS
Viviana W. Lee, Captain, United States Marine Corps
Master of Science in Management
Advisor: Chad W. Seagren, Graduate School of Business and Public Policy
Co-Advisor: Marigee Bacolod, Graduate School of Business and Public Policy
As of January 2016, all military occupations opened to women across all branches of military service. The 
opening of previously closed occupations to women has initiated conversations regarding how the quality of 
the force may be affected by the integration. This study explores the implications of altering the gender com-
position in the Marine Corps on recruiting and readiness. To address recruiting implications, we examine the 
differences in the predicted probabilities of the average male and female civilian graduating from the Infantry 
Training Battalion. We find that the average male civilian is 5.2 times more likely to graduate from the In-
fantry Training Battalion than the average female civilian. To address readiness implications, we examine the 
differences in average availability between males and females during their first term of service, and we also 
analyze the differences between availability in females across different occupational fields. We find that on 
average, females are less deployable than males during the first four years of service, with the differences peak-
ing during months 25–36, with the major cause of a female’s unavailability being pregnancy. We further find 
that the density of females does not have a significant effect on the overall readiness of the female population. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59706
Keywords: gender, women in the military, women in combat, cost-benefit analysis, recruiting, equality, readi-
ness, availability time
GEOGRAPHIC DISTRIBUTION OF U.S. ACTIVE DUTY AND CIVILIAN 
SUICIDALITY AND CO-VARIATES: A QUANTITATIVE ANALYSIS
Lincoln J. Schneider, Lieutenant, United States Navy
Master of Science in Management
Co-Advisor: Yu-Chu Shen, Graduate School of Business and Public Policy
Co-Advisor: Marigee Bacolod, Graduate School of Business and Public Policy
This quantitative study examines the geographic distribution of suicide rates within the United States among 
civilian and active duty military populations and seeks to identify significant covariate relationships that point 
to relevant public health, environmental, and economic factors that civilian and military leaders should con-
sider in planning, preparation, training, and deployment of health system resources. Multivariate regression 
analysis techniques specify associations between rates of civilian suicide and rates of relevant co-morbidities, 
analyzed across U.S. counties. ArcGIS mapping and advanced statistical techniques visualize variation in rates 
of national military and civilian populations more completely and informatively than was previously been 
made available to public health practitioners, prevention planners, and policymakers. Significant outcomes 
include identification of localities indicating clusters of significantly increased localized mainland U.S. mili-
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tary suicide rates, enhanced visualization of U.S. civilian suicide rates, including low frequency counties, and 
significantly correlated environmental and public health sources of county-level morbidity.
See full thesis text: https://calhoun.nps.edu/handle/10945/59580
Keywords: suicide, suicide mortality, military suicide, county-level morbidity, county-level co-morbidity, coun-
ty-level map, suicide and multivariate regression analysis, multivariate regression analysis, suicide by county, 
heat map, suicide heat maps, suicide and active duty, active duty suicide, U.S. civilian suicide rates, suicide and 
public health, suicide and co-variates, suicide and economic covariates, suicide and economic variables, suicide 
and environmental variables, suicide rate clusters
IMPROVING THE GENDER COMPOSITION OF THE UNITED STATES MARINE CORPS 
THROUGH MILITARY OCCUPATIONAL SPECIALTY CROSSWALK EXAMINATION
This paper has been recognized as outstanding by its department.
Angela S. Zunic, Major, United States Marine Corps
Master of Science in Management
Advisor: Marigee Bacolod, Graduate School of Business and Public Policy
Co-Advisor: Chad W. Seagren, Graduate School of Business and Public Policy
To aid United States Marine Corps (USMC) efforts in gender representation across its organization, I first 
develop a crosswalk of Marine Military Occupational Specialties (MOS) to civilian Standard Occupational 
Classification codes. I then employ hedonic regression methods to determine the effects of skills and abili-
ties required to perform Marine occupations on the proportion of females in that job. The hedonic analysis 
proposes an empirically justified potential upper bound of female representation for USMC gender integration 
goals. The civilian labor market is essentially a free market where individuals can choose their occupation 
with arguably lower barriers to entry than the military. Yet civilian female representation remains low in the 
occupations that map to previously gender-restricted MOSs, with female representation hovering at or below 
5 percent. In addition, the marginal effects of skills and abilities required for job performance tend to further 
restrict the female representation level expectations. While there may be a desire to increase female representa-
tion across the USMC as a whole, the aggregate adjusted female representation level of the occupational fields 
is only 8.82 percent. This data can provide realistic expectations for gender integration goals, as I predict that 
female representation will remain lower than the related civilian occupation.
See full thesis text: https://calhoun.nps.edu/handle/10945/59631
Keywords: United States Marine Corps, USMC, crosswalk, gender, integration, female, women, occupation, 
military occupational specialties, MOS, deployability, occupational segregation, gender attitudes, gender bar-
riers
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UPGRADE TRANSONIC COMPRESSOR TEST RIG DATA ACQUISITION SYSTEM
This paper has been recognized as outstanding by its department.
Thomas D. Belna, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
This thesis presents an upgraded data acquisition system (DAS) for the transonic compressor test rig. The 
legacy DAS acquired and processed pressure, temperature, and rotational speed data. The data were mass 
averaged, and the performance of the compressor was measured and compared to that acquired by the legacy 
system. Total-to-total pressure ratio and isentropic efficiency versus corrected mass flow rate were compared at 
speeds of 70%, 80%, 85%, and 90% of the design speed. The legacy DAS was robust but outdated compared 
to currently available technology. This thesis documents new hardware from National Instruments that was 
procured and integrated into the DAS. New software programming using commercial-off-the-shelf software 
(NI-MAX, DsaLink3, and MATLAB) for acquiring data, processing data, displaying results, and generating 
reports was also implemented and documented. Data output files between the legacy DAS and new DAS were 
within reasonable tolerances and all functionality of the system was maintained.
See full thesis text: https://calhoun.nps.edu/handle/10945/59667
Keywords: transonic, compressor, data acquisition system, DAS, transonic compressor test rig, TCR
INDUSTRIAL AUTOMATION OF SOLAR-POWERED HYDROGEN GENERATION PLANT
This paper has been recognized as outstanding by its department.
Scott M. Birkemeier, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Anthony J. Gannon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Andrea D. Holmes, Department of Mechanical and Aerospace Engineering
This study combined and modified designs of solar-powered hydrogen generation and compression facilities 
in order to allow for continuous autonomous operation of a 100-percent renewable hydrogen system. The hy-
drogen generation autonomous operating system was built and tested including assembly, programming, and 
operation. Utilizing a total system design approach in order to achieve long-term operation without human in-
tervention was key. The design was based around an industrial-type programmable logic controller. It included 
limiting the number of sensors and controls to improve reliability. Commercial-off-the-shelf components were 
used due to their proven reliability, accuracy, and durability. Designed-in system safety features include smoke 
detectors, oxygen and hydrogen sensors, and emergency shutdown pushbuttons, which trigger emergency 
shutdown if an unsafe condition occurs. The final generation system was operated continuously for nine 
days to prove design robustness and to provide data for system validation and improvement. Modifications 
to system programming and changes in sensors and controls will improve efficiencies. New developments in 
water distillation, dehumidification, and purification can be easily added to improve efficiency and provide the 





necessary water for continuous system operation. Implementation of the hydrogen compression automation 
system will be extremely useful in providing fuel for future projects such as a hydrogen-powered gas turbine.
See full thesis text: https://calhoun.nps.edu/handle/10945/59700
Keywords: hydrogen, automation, sensors, controls, renewable
FLUID-FILLED STRUCTURE WITH MULTIPLE COMPOSITE 
COMPARTMENTS SUBJECTED TO LOW-VELOCITY IMPACT
This paper has been recognized as outstanding by its department.
Joshua D. Bowling, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Second Reader: Jarema M. Didoszak, Department of Mechanical and Aerospace Engineering
The focus of this study was to investigate the dynamic response and the fluid-structure interaction (FSI) in 
a fluid-filled composite structure with multiple compartments subjected to a low-velocity impact. The com-
partments were used to simulate multiple structures separated by a fluid medium. The design apparatus was 
fabricated from Polymethly Methacrylate (PMMA) plastic components and carbon fiber sheets with varying 
thicknesses. The structure was struck with a low-velocity impact from a spherical object attached to a pendu-
lum, and the oscillatory motion of the fluid within the container was analyzed. The design structure was filled 
at multiple water levels to study the impact of the added mass and fluid coupling effects that are attributed to 
the amount of water in the structure and the distance between the plates.  The measurable quantities are the 
impact force, the strain gauges attached to the carbon fiber sheets and the natural frequency of the fluid within 
the structure. The results showed that the FSI and the dynamic response was significantly increased due to 
the rise in water fill level and that the resonance frequency of the structure decreased with an increase in water 
level. The distance between structures was also significant but not as predictable as the fill level and must be 
monitored closely in future designs using experimental testing during the design process.
See full thesis text: https://calhoun.nps.edu/handle/10945/59596
Keywords: fluid-structure interaction composite, structural coupling through fluid
INTEGRITY-BASED TRUST VIOLATIONS WITHIN HUMAN-MACHINE TEAMING
Tiffany Clark, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Brian S. Bingham, Department of Mechanical and Aerospace Engineering
Co-Advisor: Mollie R. McGuire, Department of Information Sciences
Successful human-machine teaming requires humans to trust machines. While many claim to welcome auto-
mation, there is also mistrust of machines, which may stem from more than competence concerns. Human-
automation trust research to date has considered automation capable of competence-based trust violations 
(CBTVs), but integrity-based trust violations (IBTVs) should also be studied. Future advances in artificial in-
telligence and cyber warfare could result in the perception—and possible reality—of automation committing 
IBTVs. The current study paired human participants with an automated teammate to complete a sequence of 
computer-based visual search and investment tasks. During each session, the automation committed either 
an IBTV or CBTV, and participants’ trust responses were measured through self-reported trust, trust-based 
reliance behavior, time spent making reliance decisions, and investment behavior. The results found that (1) 
average self-reported trust in the automation was significantly lower in the IBTV than the CBTV condition, 
(2) personal investment behavior was more consistent with reported trust levels than reliance behavior and 
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may be a better gauge of trust, and (3) trust behavior differed more between IBTV and CBTV conditions 
among participants who invested more in their automated teammate. The differences found in participant 
trust response between conditions are enough to warrant further research into how humans react to automa-
tion committing IBTVs.
See full thesis text: https://calhoun.nps.edu/handle/10945/59637
Keywords: human-machine teaming, human-systems interaction, human-robot teaming, man-machine inter-
face, human-computer interaction, human-robot interaction, trust in automation, human-automation trust, 
integrity-based trust violation, IBTV, competence-based trust violation, CBTV
UAV POSITION OPTIMIZATION FOR WIRELESS COMMUNICATIONS 
Benjamin P. Keegan, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Douglas P. Horner, Department of Mechanical and Aerospace Engineering
Second Reader: Sean P. Kragelund, Department of Mechanical and Aerospace Engineering
This thesis explores autonomously positioning unmanned aerial vehicles (UAV) as wireless nodes in optimal 
locations to form robust, reliable communication links between static or slow-moving nodes, on land or at 
sea, in a wireless network. The presented approach explicitly accounts for variability associated with signal-
to-noise ratio (SNR) estimates used for UAV navigation. A two-phased approach is presented to find a local 
SNR extremum as an optimal loitering point. This thesis focuses on phase one consisting of Kriging and 
semivariogram analysis as well as information theoretic local path planning. Kullback-Leibler divergence is 
used for path evaluation and selection. Phase two consists of an extremum control method developed in prior 
work for UAV navigation to the optimal loitering point. Emphasis is placed on accuracy and reducing model 
uncertainty. Simulated and experimental data is presented and used for Kriging of the SNR field produced by 
two ground nodes. Datasets produced with varying distances, altitudes, and flight patterns provide insight into 
the behavior of SNR degradation and flight trajectories that are most efficient at reducing estimate uncertainty. 
Analysis provides a greater understanding of the current capabilities, benefits, and limitations of employing 
UAVs as autonomous, mobile communication nodes. This includes the potential for implementing nonlinear 
optimal estimation and path planning processes onboard small UAVs in real time.
See full thesis text: https://calhoun.nps.edu/handle/10945/59695
Keywords: unmanned aerial vehicle, UAV, extremum seeking, Simulink, high bandwidth communication 
links, wireless sensor network, signal-to-noise ratio, SNR model, Kriging, nonlinear estimation, semivario-
gram analysis, Gaussian process model, information theoretic path planning
EFFECTS OF AIR INLET SWIRL ANGLE ON PERFORMANCE 
OF A TWO-STROKE DIESEL ENGINE
Jordan A. Klein, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
Co-Advisor: Douglas L. Seivwright, Department of Mechanical and Aerospace Engineering
Two-stroke diesel engines are a reliable, robust way to provide power in a multitude of naval applications, 
from electrical generators to construction equipment to marine propulsion. Improvement in the performance 
of such a common mechanical element would provide benefits in both reliability and cost effectiveness. In-
creasing the degree of air-fuel mixing in the cylinder prior to combustion is one such method of performance 
enhancement and is the method addressed by this research. The research model engine is a Detroit Diesel 3-53 
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two-stroke engine that utilizes a roots blower, 18 circumferential holes in each cylinder for air intake, and four 
valves in the cylinder head for exhaust. After performing a baseline run of the test engine, computational fluid 
analysis was performed on three engine configurations using ANSYS 18.2 CFX software. The cylinder models 
included one with intake holes in the original configuration, one in which the holes were given a 10-degree 
upward angle, and one in which the holes were angled 5 degrees farther to the left and 10 degrees upward. Re-
sults suggest that a configuration with a 10-degree upward angle of the intake holes will show a higher degree 
of mixing and increased overall performance.
See full thesis text: https://calhoun.nps.edu/handle/10945/59701
Keywords: two-stroke diesel, fluid analysis, swirl
EFFECTS OF FEMTOSECOND LASER SURFACE PROCESSING ON 
HYDRODYNAMIC DRAG OVER A FUNCTIONALIZED SURFACE
Dillan A. Masellas, Lieutenant Commander, United States Navy
Master of Science in Mechanical Engineering
Advisor: Young W. Kwon, Department of Mechanical and Aerospace Engineering
Second Reader: Jarema M. Didoszak, Department of Mechanical and Aerospace Engineering
Femtosecond laser surface processing (FLSP) is capable of creating several structures on a variety of metallic 
surfaces that change its hydrodynamic properties. This research focused on the skin friction effects of super-
hydrophobic and superhydrophilic surface treatments by FLSP. Each type of hydrodynamic surface treatment 
was studied in the below surface growth (BSG) and the above surface growth microstructure form and com-
pared to the performance of a control plate of identical dimensions without a treated surface. The stability of 
the Cassie state in a fully submerged environment was assessed using an optical microscope. The BSG super-
hydrophobic surface treatment was submerged in seawater to examine its resistance to biological growth. The 
BSG superhydrophobic surface treatment’s resistance to biofouling is limited and microstructures appear to 
provide for adhesion of organisms to the surface. Submerged testing in a rectangular water channel used vari-
able flow rates to achieve Reynolds numbers ranging from 20,000 to 70,000 based on the size of the test sam-
ple. Results of these tests showed that the superhydrophilic surface treatments have the same hydrodynamic 
drag properties as a smooth surface. The superhydrophobic-treated surfaces are ineffective at this range of 
flow rate due in part to the poor integrity of the trapped Cassie state under static- and flow-induced pressures.
See full thesis text: https://calhoun.nps.edu/handle/10945/59716
Keywords: femtosecond laser surface processing, FLSP, superhydrophobic, superhydrophilic
WASTE HEAT RECOVERY CARBON DIOXIDE HEAT 
EXCHANGER FOR GAS TURBINE ENGINES
Samuele J. Polsinelli, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Garth V. Hobson, Department of Mechanical and Aerospace Engineering
Co-Advisor: Douglas L. Seivwright, Department of Mechanical and Aerospace Engineering
The U.S. Navy is looking to conserve energy on shore and at sea. As a contribution to the ongoing effort to 
make turbine engines more efficient, this research presents the design and analysis of a helical coil waste heat 
recovery heat exchanger for a Rolls-Royce T63-A-720 gas turbine engine. The T-63 engine was installed in the 
test cell and modified, with the appropriate instrumentation added. The waste heat recovery heat exchanger 
was designed for a future closed Brayton cycle loop.  Analysis was conducted on the heat exchanger’s effect on 
the engine backpressure, which was shown to be negligible. Further analysis showed the heat exchanger was 
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capable of meeting the requirements laid out by Naval Postgraduate School student Aaron VanDenBerg in his 
2016 thesis, “Energy Efficient Waste Heat Recovery from an Engine Exhaust System.” Finally, a study vary-
ing the pressure drop through the heat exchanger was conducted and a projected performance curve of the 
heat exchanger was developed.  An analytical equation was derived determining the mass flow for a required 
exit temperature. Our research findings indicate promise for waste heat recovery using a helical coil heat ex-
changer. We recommend building and testing the heat exchanger to verify the model.
See full thesis text: https://calhoun.nps.edu/handle/10945/59567
Keywords: heat exchanger, CFD, CFX, T-63 installation, helical coil heat exchanger, waste heat recovery, 
carbon dioxide, CO2, cogeneration, gas turbine engine instrumentation
COMPARISON STUDY OF LOW-LEVEL CONTROLLER 
TECHNIQUES FOR UNMANNED SURFACE VESSELS
Joseph A. Schnieders, Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Brian S. Bingham, Department of Mechanical and Aerospace Engineering
Second Reader: Sean P. Kragelund, Department of Mechanical and Aerospace Engineering
Classical linear feedback control techniques are often used for low-level control of the speed and heading of 
an unmanned surface vessel (USV). To improve performance, two additions to generic proportional-integral-
derivative are common: model-based feed-forward compensation and integration of a non-linear thrust model 
within the controller. This thesis contains a performance comparison of these techniques, where performance 
is quantified through system analysis, numerical simulation and field experiment. To investigate the impact 
of these different control implementations, three different scenarios are considered: speed-only, heading-only 
and simultaneous speed and heading control. For this particular application, feed-forward compensation re-
sults in significant performance improvement but results in an additional control parameter that would need to 
be tuned to the system. The inclusion of non-linear thrust dynamics had a negligible impact on performance. 
Ultimately, this study suggests that the performance of simple linear low-level control techniques is only mod-
estly improved by these common model-based modifications and that this improvement may not justify the 
requisite additional development time.
See full thesis text: https://calhoun.nps.edu/handle/10945/59581
Keywords: unmanned surface vessel, USV, feed forward, low-level controllers, thrust model improvement, 
commanded compensation, non-linear thrust model
ROBUST TIME-VARYING FORMATION CONTROL WITH ADAPTIVE SUBMODULARITY
This paper has been recognized as outstanding by its department.
Noah Wachlin, Ensign, United States Navy
Master of Science in Mechanical Engineering
Advisor: Douglas P. Horner, Department of Mechanical and Aerospace Engineering
Second Reader: Sean P. Kragelund, Department of Mechanical and Aerospace Engineering
An adaptive formation controller is developed to position nodes within a mobile Network Control System 
(NCS) composed of heterogeneous agents. Each node is represented with distinct capabilities and constraints 
with regard to communications, sensing, and mobility. Metrics used to quantify network robustness are de-
veloped for weighted graphs. Formation control is implemented to position nodes relative to virtual leaders. 
A utility function that encapsulates the sensing, communications, robustness, and dynamics of the NCS is 
designed and shown to be submodular. Submodular function maximization is then used to adaptively recom-
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pute the optimal formation in simulation. Submodularity is a property of set functions that guarantees near-
optimal performance if a greedy algorithm is used to iteratively select node locations. This effectually reduces 
the NP-hard combinatorial optimization problem to a polynomial time process. The greedy algorithm is used 
to adaptively recompute the optimal formation in simulation. This controller reduces the complexity of em-
ploying large numbers of autonomous agents in support of competing objectives.
See full thesis text: https://calhoun.nps.edu/handle/10945/59612
Keywords: network robustness, network control systems, NCS, formation control, adaptive submodularity, 
combinatorial optimization, heterogeneous, multi-domain, sensor placement
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USING BAYESIAN STATISTICAL POST-PROCESSING TECHNIQUES TO 
IMPROVE TROPICAL CYCLONE TRACK AND INTENSITY FORECASTS 
Sabrina L. Cummings, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Wendell A. Nuss, Department of Meteorology
Second Reader: Eric A. Hendricks, Department of Meteorology
This thesis examines the use of statistical post-processing techniques involving Bayesian estimation and Mar-
kov chain Monte Carlo methods to aid in the reduction or elimination of tropical cyclone track and intensity 
forecast errors. The results of this research showed an improvement in the forecasts for intensity and total 
track error over the European Centre for Medium-Range Weather Forecasts (ECMWF) ensemble mean for all 
forecast times. These findings indicate that applying Bayesian statistical post-processing to forecasts made by 
the ECMWF ensemble can reduce the overall track and intensity error and result in more accurate forecasts. 
The most significant forecast improvement resulted from larger sample sizes and creative grouping schemes. 
By increasing the number of storms used and altering the manner in which the data is grouped, a more accu-
rate forecast can be obtained. Future research using a larger sample size that spans several decades is indicated, 
but any significant physics alterations to the models over time, as well as more specific ways of grouping the 
data, must be taken into consideration.
See full thesis text: https://calhoun.nps.edu/handle/10945/59641
Keywords: Bayes, Bayesian, statistics, statistical, tropical cyclone, hurricane, track, intensity, forecast, weather, 
post-processing.
INFLUENCE OF ACCELERATION ON THE PATTERN 
AND DYNAMICS OF STRATIFIED WAKES
Rino M. Guerrero, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Timour Radko, Department of Oceanography
Second Reader: Justin M. Brown, Department of Oceanography
Submerged bodies traveling through stratified ocean columns generate remotely detectable wakes due to per-
turbations in temperature and momentum. Using the Massachusetts Institute of Technology General Cir-
culation Model (MITgcm), a high-resolution 3D numerical ocean modeling program, simulations are run to 
model the quantitative and qualitative effects of a wake generated by accelerating submerged bodies. MITgcm 
was run on supercomputers at the University of Texas at Austin’s Texas Advanced Computing Center and the 
Department of Defense High Performance Computing Modernization Program. The simulations modeled 
submerged bodies traveling at differing accelerating velocities or constant velocities. Wakes produced by ac-
celerating bodies amplified the vorticity, thermal, and energy perturbation signatures. The stronger vortices 
concentrate the perturbations along the central wake, creating a narrower and more pointed wake front, 
whereas the wakes produced under constant velocity have weaker signatures, which are diffused across a 
broader wake front. The differences in wake signatures and wake shape can be detected using both acous-
92
METEOROLOGY AND PHYSICAL OCEANOGRAPHY
tic- and non-acoustic-based methods and can be used operationally to determine the presence of acceleration 
within the incident submerged bodies.
See full thesis text: https://calhoun.nps.edu/handle/10945/59671
Keywords: stratified wakes, Massachusetts Institute of Technology General Circulation Model, MITgcm, in-
ternal velocity signatures, turbulence, acceleration
APPLICATION OF BAYESIAN STATISTICAL POST-PROCESSING TECHNIQUES 
TO PROBABILISTIC NOWCASTS OF CEILING HEIGHT AND VISIBILITY
This paper has been recognized as outstanding by its department.
Kellen T. Jones, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Wendell A. Nuss, Department of Meteorology
Second Reader: Joel W. Feldmeier, Department of Meteorology
Nowcasting is a modern technique in weather prediction that seeks to produce highly accurate analysis and 
short-term forecasts of up to six hours. Challenges to nowcasting include numerical forecasting spatial and 
temporal resolution and data availability, especially in data-denied or limited regions. Nowcasting cloud ceil-
ing height and horizontal visibility is a specific example of a challenging nowcasting problem. A nowcast sys-
tem is applied and tested on summertime conditions from June to August 2017 over the Monterey Regional 
Airport in California. The system post-processes 12 km North American Mesoscale Model (NAM) data from 
a local grid point to produce short-term multivariate probabilistic predictions of ceiling of height and visibil-
ity. Bayesian Estimation and Monte Carlo Markov Chain methods are used to train the system from a set of 
past predictor variables and observations. The approach demonstrates error reduction and skill improvement 
over the raw NAM ceiling height and visibility forecasts. The computationally cheap system also explicitly 
communicates uncertainty and requires a relatively limited training data set compared to other statistical 
post-processing techniques. Using short training periods and/or analog techniques, this system can be used to 
nowcast in regions with limited or no observational data availability. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59693
Keywords: operational nowcasting, cloud forecasting, Bayesian estimation, BE, statistical post-processing, 
supervised machine learning, ceiling height, visibility, probabilistic weather forecasting
O(10-300M) SCALE VORTICITY AND DIVERGENCE IN THE NEARSHORE
Paul W. Lenz, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: James H. MacMahan, Department of Oceanography
Second Reader: Mara S. Orescanin, Department of Oceanography
Submesoscale turbulence in the nearshore is observed with purpose-built drifters to perform Lagrangian mea-
surements of the vorticity and divergence of flows with length scales under 300 meters and on-time scales of 
a few minutes to a few hours. Drifters are designed with an inexpensive GPS datalogger with position error of 
a few centimeters and velocity error of a few centimeters per second. An accelerometer is added for measur-
ing the rotation rate of the drifters. The drifters are fitted with four vanes for a total diameter of 1 meter to 
capture the vorticity at 1-meter length scale. Vorticity and divergence of nearshore submesoscale flows exceed 
10,000 times the Coriolis frequency (f), which is a large departure from the large-scale geostrophic flows in 
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the ocean. The results of this experiment describe the nearshore surface vorticity and divergence, providing 
further insight into surface mixing at scales smaller than 300 meters.
See full thesis text: https://calhoun.nps.edu/handle/10945/59707
Keywords: nearshore, vorticity, divergence, drifter, DKP, dynamic kinematic properties
SUAS-BASED PAYLOAD DEVELOPMENT AND TESTING 
FOR QUANTIFYING OPTICAL TURBULENCE
Lee Suring, Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Qing Wang, Department of Meteorology
Co-Advisor: Kevin D. Jones, Department of Mechanical and Aerospace Engineering
High energy laser (HEL) systems are becoming ubiquitous across the Department of Defense for their preci-
sion, low shot cost, tunability and cycling time. However, laser propagation through the atmosphere is affected 
by atmospheric turbulence. It is essential to quantify this atmospheric effect to predict operational conditions 
as well as improve laser system performance. The main objective of this study is to quantify optical turbulence 
within the atmospheric boundary layer using a small Unmanned Aircraft System (sUAS). The sUAS-based 
sensor package was developed for this application. Temperature and humidity profiles were derived from a ra-
diosonde system onboard the sUAS. Additionally, high-rate temperature and slow-response temperature were 
measured by a thermocouple and a high-accuracy platinum thermometer, respectively. All of these meteo-
rological components were integrated into a comprehensive, lightweight and low-power consumption sUAS 
payload system. The sensor package was thoroughly ground tested in comparison with proven methods. Test 
flights of the sensor package integrated onto the sUAS were made at McMillan Airfield. The platform proved 
itself in flying at various altitudes within the surface layer to measure optical turbulence. Optical turbulence 
varied most directly near the surface as a result of strong surface buoyancy forcing. Results of the mean pro-
files as well as optical turbulence from test flights and comparison bench testing are discussed.
See full thesis text: https://calhoun.nps.edu/handle/10945/59598
Keywords: sUAS, small Unmanned Aircraft System, thermocouple, boundary layer, turbulence, ct2, cn2, 
electro-optical, scintillation, Penguin,  high energy laser,  lower atmosphere
SEDIMENT TRANSPORT ASSOCIATED WITH EPHEMERAL 
RIVER BREACHING AND CLOSING EVENTS
Walter R. Young, Lieutenant Commander, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Mara S. Orescanin, Department of Oceanography
Second Reader: Jeremy P. Metcalf, Department of Physics
Breaching of beaches is a catastrophic morphological change that can fundamentally alter the circulation 
within littoral systems and create damage to surrounding coastal infrastructure. At ephemeral rivers with 
intermittent seasonal river discharge, rivers undergo breaching and closure events that result in significant 
morphological evolution, and to quantify this evolution, beach elevation must be measured through beach 
and bathymetric surveys. To better understand the volume, rate, and direction of the sediment transport, and 
to determine if the seasonal excavation to artificially breach the Carmel River State Beach to avoid flooding 
of adjacent residences to the river lagoon is necessary and effective, the breaching cycle was observed during 
the winter months of 2017–2018. The methodology of surveying the beach using structure from motion with 
an unmanned aerial vehicle (UAV) was utilized for the rapid beach morphology assessment with centimeter 
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accuracy, which can be applied to future civilian and military operations even in remote and inaccessible areas 
or contested beaches. Digital elevation model analysis revealed that the sediment was primarily transported 
onto the back beach alongshore due to wave overwashing and that the artificial breaching was ineffective in 
maintaining an open breach and caused a more-rapid outflow of the secondary natural breach, which could be 
harmful to indigenous aquatic wildlife and their habitat.
See full thesis text: https://calhoun.nps.edu/handle/10945/59628
Keywords: Carmel River, beach morphology, breaching, closure, ephemeral river, structure from motion, 
SfM, unmanned system, beach survey
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EFFICIENCY AND PRECISION EXPERIMENTATION FOR 
AUGMENTED REALITY CUED MAINTENANCE ACTIONS
This paper has been recognized as outstanding by its department.
Christopher J. Angelopoulos, Commander, United States Navy
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Rudolph P. Darken, Department of Computer Science
Co-Advisor: Perry L. McDowell, Department of MOVES Institute
The Department of Defense  and commercial industry expend significant resources to recover from failed 
maintenance actions. One known factor is the strained communication link connecting designers to main-
tenance professionals. Current technology leverages the technical manual, in both paper and flat electronic 
form, for this link. Augmented reality offers the potential to mitigate this deleterious factor by maintaining or 
transforming information into a more palatable form. This research measured human precision and efficiency 
by comparing augmented reality cued (ARC) and traditionally cued (TC) maintenance procedures in five tasks 
designed to elicit absolute, cumulative, absolute referential, and complexity errors across both ARC and TC 
conditions. Results indicate that ARC procedures are statistically more efficient for human precise placement 
tasks of small parts, while precision is roughly equal. The assembly task, analogous to an assembly procedure, 
is statistically both more efficient and more precise using ARC rather than TC procedures. ARC procedures 
for small part placement and assembly tasks are more efficient, faster, and in most cases at least as precise.
See full thesis text: https://calhoun.nps.edu/handle/10945/58537
Keywords: augmented reality, AR, human precision, human efficiency, maintenance
USMC DEPOT-LEVEL MAINTENANCE OF THE LIGHT ARMORED 
VEHICLE (LAV): A DISCRETE-EVENT SIMULATION ANALYSIS
Michael J. Blankenbeker, Captain, United States Marine Corps
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Arnold H. Buss, Department of MOVES Institute
Second Reader: Ruriko Yoshida, Department of Operations Research
The USMC maintenance depots at Marine Corps Logistics Base (MCLB) Albany, Georgia, and MCLB Bar-
stow, California, conduct extensive contracted overhauls and repairs on a variety of ground combat and com-
bat service support vehicles from throughout the operating forces. Servicing of one vehicle in particular, the 
light armored vehicle, has had issues with runaway costs and prolonged maintenance cycle-time caused by 
severe bottlenecks at key junctures in the maintenance cycle. This study models the bottlenecks experienced 
in the real system and then provides recommendations to mitigate them. The discrete-event simulation (DES) 
tools used in this study implement data farming and data analysis that provide quantitative justification and 
show the sponsor where to adjust resource capacity parameters in the system in order to reduce the effect of 
these bottlenecks and reduce overall cycle time. In addition to the DES analysis, this project provides the 
sponsor, Marine Corps Logistics Command, with a working tool that can be used in assisting key leadership 
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in making resource capacity decisions by showing how individual queues and the overall system are affected 
when input parameters are adjusted.
See full thesis text: https://calhoun.nps.edu/handle/10945/59711
Keywords: discrete event simulation, Light Armored Vehicle, LAV, Marine Corps Logistics Command, Ma-
rine Depot Maintenance Command
TESTING A COGNITIVE ALIGNMENT-BASED TRAINING MODEL TO ACCELERATE 
OPTIMAL MILITARY DECISION-MAKING IN A PLATOON-FORMATION TASK
This paper has been recognized as outstanding by its department.
Brian M. Hanley, Lieutenant Colonel, United States Army
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Meghan Q. Kennedy, Department of Operations Research
Second Reader: Christian R. Fitzpatrick, Computer & Information Programs Office
Determining which platoon formation (PF) should be used is a decision that all junior Army leaders must 
execute during training.  Yet, current military training in PF is tailored to the masses rather than adapted to 
an individual’s current abilities. This thesis had two goals: (1) to develop a computer-based platoon formation 
decision task (PFDT) and associated software that can be used as a training aid and (2) to apply a recently 
developed adaptive training model, CAPTTIM, to the PFDT to provide greater insight into a trainee’s cogni-
tive state and decision performance. Thirty subjects completed the PFDT in about 15 minutes. On average, 
subjects’ performance improved as they progressed through 128 trials. CAPTTIM revealed three distinct 
groups of learners. The results indicate that the PFDT and CAPTTIM have the potential to accelerate learn-
ing through incorporation into an adaptive training tool.
See full thesis text: https://calhoun.nps.edu/handle/10945/59676
Keywords: decision-making, cognitive task training, adaptive training
INDIVIDUAL SOLDIER LOADS AND THE EFFECTS ON COMBAT PERFORMANCE
Jeremiah M. Sasala, Captain, United States Army
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Imre L. Balogh, MOVES Institute
Co-Advisor: Curtis L. Blais, MOVES Institute
Second Reader: Anthony D. Smith, U.S. Army TRADOC Analysis Center
The goal of this research is to determine how load affects the performance of individual Soldiers. In this 
context, performance means speed; speed is estimated (not predicted) through the use of a mathematical 
model. This model calculates speed using a number of factors, including body weight, load, terrain surface, 
and terrain steepness. The mathematical model produces realistic movement rates and further reveals several 
important relationships. First, when load increases, speed decreases. Second, as the terrain becomes more dif-
ficult to traverse, speed also decreases. Finally, loads can become so heavy that movement stops altogether. In 
other words, this model recognizes that there is a point at which any additional load is simply too much. As 
part of this research, the model’s usefulness is demonstrated using an A* search algorithm that determines the 
path of least resistance when considering human capabilities; this means that the quickest path can be identi-
fied, not just the shortest. The model also provides a means to examine the tradeoffs between added weight 
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and added capabilities within combat simulations. Ultimately, this model demonstrates how load and terrain 
affect individual-level performance.
See full thesis text: https://calhoun.nps.edu/handle/10945/59579
Keywords: MOVES, COMBATXXI, modeling, simulation, load, speed, A* 
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UNDERSTANDING AUTOMATIC IDENTIFICATION SYSTEM DATA AS 
APPLIED TO SOCIAL NETWORK RELATIONSHIPS AND ACTIVITIES
This paper has been recognized as outstanding by its department.
Rachel Cline, Captain, United States Marine Corps
Master of Science in Applied Mathematics and Master of Science in Operations Research
Advisor: David L. Alderson Jr., Department of Operations Research
Co-Advisor: Ralucca Gera, Department of Mathematics
Second Reader: Samuel H. Huddleston, Department of Operations Research
This thesis considers the problem of how to infer a social network of entities based solely on periodic location 
information as they move in space and time. Specifically, we consider social networks implied by vessel traffic 
within the South China Sea as captured by Automatic Identification System data consisting of vessel identi-
fier, position coordinates (latitude and longitude), heading, speed, and other information about its course. 
We create customized data structures in the Python programming language and implement an algorithm to 
quickly and efficiently create a social network of entities based on proximity parameters for both space and 
time. As we see from our analysis, there is no single network depiction of our data. Rather, the topology is 
largely influenced by the parameters we use to define a connection between entities. Because we can efficiently 
query the data, we quickly draw conclusions about the most active time of day and most active location within 
the region. From this, we are able to look into specific entities and examine the relationships, activities, and 
behaviors that we wish to understand. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59639
Keywords: Automatic Identification System, network science, criminal organization, South China Sea, social 
network inference
SCHEDULING AMPHIBIOUS CONNECTORS TO DELIVER MULTIPLE COMMODITIES 
This paper has been recognized as outstanding by its department.
Matthew E. Danielson, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Michael P. Atkinson, Department of Operations Research
Co-Advisor: Kyle Y. Lin, Department of Operations Research
Second Reader: Emily M. Craparo, Department of Operations Research
Across the amphibious warfighting community, planners need to quickly develop schedules to deliver multiple 
supply commodities during ship-to-shore operations. We extend the single-commodity models underpinning 
the Marine Expeditionary Unit (MEU) Amphibious Connector Scheduler (MACS) tool to allow amphibi-
ous connectors to deliver multiple commodities, such as fuel, food, water, and ammunition. This extension 
provides amphibious planners with a flexible and versatile decision tool, which is much more operationally 
relevant than the one-commodity variant. Our primary contribution is a temporal network flow model that 
computes the optimal number of round trips for each connector configuration from the seabase to the shore 
to achieve both fast delivery and few connector trips. We formulate the optimization problem as a mixed inte-
ger linear program and develop a linear program approximation to solve large-sized problems. Our approach 
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generates several different schedules with different strengths so the decision maker can choose the one that 
best meets mission requirements. Through our analysis of complex notional scenarios and a historical case 
study, we demonstrate the potential of the improved MACS as an amphibious planning tool of the future.
See full thesis text: https://calhoun.nps.edu/handle/10945/59643
Keywords: sustainment, amphibious operations, Marine Expeditionary Unit, MEU, scheduling, linear pro-
gramming, connectors, ship-to-shore
A COMPARATIVE ANALYSIS OF UNITED STATES 
MILITARY ACADEMY (USMA) CADET SLEEP 
Alexandra K. Deangelis, Captain, United States Army
Master of Science in Operations Research
Advisor: Nita L. Shattuck, Department of Operations Research
Co-Advisor: Lawrence G. Shattuck, Department of Operations Research
Second Reader: Lyn R. Whitaker, Department of Operations Research
The results from a four-year longitudinal study executed from 2003–2007 at the United States Military Acad-
emy (USMA) indicated that Cadets sleep significantly less than the amount recommended for their age group. 
The current report presents the initial findings from a two-part study undertaken in the fall of 2017 to deter-
mine whether the sleep and nap duration of Cadets attending USMA has changed in the intervening years. 
Actigraphy data from 269 Cadets from all four-year groups was collected for analysis. The results indicate 
that current Cadets sleep more at nighttime than their predecessors both on school nights (current average = 
5.24 hours), with current Cadets obtaining 0.19 hours (11 minutes) more than their predecessors (p < 0.001), 
and on weekend nights (current average = 6.95 hours), with current Cadets obtaining 0.47 hours (28 minutes) 
more than their predecessors (p < 0.001). Sleep duration was significantly influenced by day type (school day 
or weekend), gender, and year group, corroborating the findings of the previous study. Cadets nap longer on 
weekends and most frequently on Thursdays. The results of this analysis extend the body of knowledge about 
sleep in the late-adolescent military population and provide insight into the sleep patterns and behaviors of 
USMA Cadets. Suggestions for additional research are also proposed.
See full thesis text: https://calhoun.nps.edu/handle/10945/59648
Keywords: sleep, United States Military Academy, USMA, sleep deficiency
MODELING FIRST-TERM ENLISTMENT COMPLETION FOR 
THE SELECTED MARINE CORPS RESERVE
Christopher K. Fletcher, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Andrew T. Anglemyer, Department of Operations Research
Second Reader: Lyn R. Whitaker, Department of Operations Research
Military retention studies seek to better explain the factors affecting a service member’s decision to complete 
contractual service agreements. For the purposes of meeting the national security needs of the nation, these 
studies inform decision makers about recruiting and sustaining a ready and capable force. This thesis explores 
the significant factors that predict first-term enlistment completion for non-prior service (NPS) enlisted Ma-
rines in the Selected Marine Corps Reserve (SMCR). The data available from the Total Force Data Warehouse 
(TFDW) and provided by Manpower and Reserve Affairs (M&RA), Quantico, Virginia, contains information 
about first-term NPS enlisted Marines as they progress in the SMCR. A cohort of Marines who enlisted in the 
SMCR in fiscal year 2009 is selected and tracked for a period of eight years to determine a binary outcome of 
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successful completion. Utilizing binary logistic and random forest regression, two distinct models are devel-
oped to determine the significant features indicative of successful completion of first-term enlistments. The 
first model examines information available prior to entering the SMCR. The second model examines data 
available prior to enlistment and data obtained as the individual completes obligated service. The end state 
is to select the best model fit for each distinct model to inform decision makers about first-term enlistment 
completion.
See full thesis text: https://calhoun.nps.edu/handle/10945/59658
Keywords: retention, first-term, enlisted, Selected Marine Corps Reserve, SMCR
EMPLOYMENT OF INTELLIGENCE, SURVEILLANCE, AND RECONNAISSANCE 
DRONE SWARMS TO ENHANCE GROUND COMBAT OPERATIONS
This paper has been recognized as outstanding by its department.
Nathan J. Gulosh, Major, United States Marine Corps
Master of Science in Operations Research
Advisor: Thomas W. Lucas, Department of Operations Research
Second Reader: Mark A. Raffetto, Department of Operations Research
On August 27, 2015, the Naval Postgraduate School’s Advanced Robotic Systems Engineering Laboratory 
flew 50 autonomous drones simultaneously. This demonstration proved that autonomous drone swarm tech-
nology is evolving at a daunting pace and that drone deployment and control can now be done en masse. 
As academia, industry, and defense sectors continue to miniaturize sensors and enhance swarm operating 
systems, the transition from demonstrations to tactical employment will occur quickly. Doing so efficiently 
requires dedicated efforts to determine swarm sensor requirements and employment tactics, techniques, and 
procedures. This thesis uses agent-based simulation, cutting-edge design of experiments, and parallel comput-
ing to thoroughly explore drone swarm employment in support of a Marine infantry company. The scenario 
is a deliberate clearing mission, based on real events, in which an infantry company fights a peer enemy in 
restricted terrain. Analysis of the data obtained from 30,000 simulated missions reveals that, on average, the 
drone swarms enable the fire support team to target and engage twice as many enemy combatants when com-
pared to the current Intelligence, Surveillance, and Reconnaissance (ISR) drone available at the company level. 
For the hierarchical swarm, this results in up to 50% fewer U.S. casualties. Data analysis and visual study of 
the emergent swarm also shows that the volume of the swarm, coupled with inherent sensor overlap, results 
in the largest reduction in sensor requirements.
See full thesis text: https://calhoun.nps.edu/handle/10945/59672
Keywords: drones, swarms, simulation, modeling & simulation, agent-based, design of experiments, data 
farming, data analysis
MARKOV CHAIN MONTE CARLO AND EXACT CONDITIONAL 
TESTS WITH THREE-WAY CONTINGENCY TABLES
Seungchan Lee, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Ruriko Yoshida, Department of Operations Research
Second Reader: Michael P. Atkinson, Department of Operations Research
We propose an algorithm modifying a popular exact conditional test involving the goodness-of-fit of contin-
gency tables.  This study focuses on improving the efficiency of Markov chain Monte Carlo (MCMC) when 
sampling three-way contingency tables—defined as log-linear models with three discrete random categorical 
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variables consisting of finite levels—under the no-three-way interaction model.  Standard to MCMC, we ap-
proximate the null distribution by sampling tables from the conditional distribution.  However, our proposal 
involves expanding the conditional state space to include tables with cell count values of -1.  We apply the 
proposed methodology, described in full detail, to randomly generated sparse and non-sparse data sets.  Our 
results show that traditional asymptotic methods on sparse contingency tables yield inaccurate results.  We 
also prove mathematically that a Markov chain with our proposed method is connected (i.e., ergodic) on the 
conditional state space for 3x3xK, with K >= 3.  The output from applying the proposed methodology pro-
vides conclusive evidence that the distribution of the test statistics for sparse data sets does not resemble the 
asymptotic distribution.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59705
Keywords: Categorical Data Analysis, Markov-chain Monte Carlo, MCMC, Chi-Square Test for Indepen-
dence, Kolmogorov-Smirnov Test, three-way contingency tables, no-three-way interaction model, log-linear 
models, exact conditional test, goodness-of-fit test, sparse data, asymptotic distribution
VERIFICATION ANALYSIS OF ARMSTRONG’S STOCHASTIC 
SALVO EQUATIONS USING DATA FARMING
This paper has been recognized as outstanding by its department.
Chuan-Huan Li, Lieutenant Commander, Taiwan Navy
Master of Science in Operations Research
Advisor: Thomas W. Lucas, Department of Operations Research
Second Reader: Paul J. Sanchez, Department of Operations Research
Models such as Hughes’ deterministic salvo equations are used by countries around the world to assist in de-
termining the numbers, capabilities, and employment strategies of their naval warships. Armstrong extended 
Hughes’ model to create a stochastic salvo model (SSM). Armstrong also evaluated his key assumptions by 
comparing his closed-form solutions against simulation as a more realistic alternative.  This thesis performs a 
more comprehensive comparison of the SSM versus simulation, utilizing sophisticated design of experiments. 
Statistical models and case studies are used to identify which combinations of model inputs cause the largest 
biases (or differences) between the simulation and the SSM. The results show that for independent missiles the 
SSM closely matches the simulation throughout the region explored.  The bias increases when the missiles are 
correlated or the force levels are large. This is particularly noticeable when estimating the probabilities of zero 
loss or annihilation. The bias also depends critically on whether the forces are in an overkill, intermediate, or 
over defense situation. The SSM, our R simulation, and a prototype characteristic function evaluator of the 
binomial stochastic salvo model are all implemented in a “Shiny” application. This facilitates exploration of 
the various models within a single user-friendly interface.
See full thesis text: https://calhoun.nps.edu/handle/10945/59709
Keywords: Hughes’ salvo model, Armstrong’s stochastic salvo model, SSM, data farming, design of experi-




POST–FIRST TERM ENLISTMENT RETENTION ANALYSIS 
FOR THE SELECTED MARINE CORPS RESERVE
Waverly C. Mcfarland Jr., Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Andrew T. Anglemyer, Department of Operations Research
Second Reader: Lyn R. Whitaker, Department of Operations Research
This study concerning retention of Marines serving in Selected Reserve (SelRes) units is conducted at the re-
quest of the Retention Analysis Division, Manpower & Reserve Affairs, Headquarters Marine Corps. Through 
developing career milestone-based logistic regression models aimed at predicting the likelihood of an indi-
vidual Marine being retained, we can identify significant factors that lead to continued service. Significant 
predictor variables common to each of the logistic regression models for the career milestones include total 
years credited toward retirement and age. These more senior individuals have likely made a career decision in 
continuing their military service, which explains the consistently positive effect on retention. Marines with 
prior active duty service, which often correlates to an increase in age and total years credited toward retire-
ment, exhibit significantly better retention than their counterparts for the latter milestones. Deployment expe-
rience shows a consistently positive effect on retention across milestones. This suggests that Marines serving 
in SelRes units view deployment opportunities as favorable, and that even upon completion of only single de-
ployment, they are much more likely to continue their military service. This study validated previous research 
concerning similar subject matter and provides a means to forecast retention for up to 12 years in the future. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59718
Keywords: attrition, retention, Marine Corps, logistic regression, forecasting, prediction, Reserve
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Advisor: Paul T. Beery, Department of Systems Engineering
Co-Advisor: Michael P. Atkinson, Department of Operations Research
The concept of Distributed Maritime Operations (DMO) intends to enable a force that is capable of winning 
a fleet-on-fleet engagement through the integration of manned and unmanned systems, execution of decep-
tive tactics, and emboldening of units to conduct offensive strikes. This report contributes to the concept of 
DMO in the 2030-2035 timeframe through the development of an operational simulation that examines the 
ability of various compositions of multi-domain fleet assets to perform tactical operations in a naval combat 
environment. This project studies the impact of the friendly force employment of deception and tactics against 
an enemy force, and the resulting impact on the adversary’s ability to progress through the various stages of a 
kill chain. Through the development and analysis of a discrete event simulation, this research investigates the 
ability of naval forces in the air, surface, and electromagnetic warfare domains to contribute to DMO through 
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the performance of tactical offensive operations and employment of deceptive tactics. The analysis resulted 
in two major findings. In terms of force composition, an increased number of missile-carrying assets had the 
largest impact on operational effectiveness and survivability. Tactically, the utilization of electronic jamming, 
coupled with the utilization of unmanned deceptive swarms, provided a significant improvement in the sur-
vivability of friendly force assets as well as the attrition of enemy forces.
See full thesis text: https://calhoun.nps.edu/handle/10945/59587
Keywords: Distributed Maritime Operations, DMO, Tactical Employment of Unmanned Systems
UTILIZATION ANALYSIS OF DOD HIV PATIENT CARE 
Xiao C. Ren, Major, United States Air Force
Master of Science in Operations Research
Advisor: Andrew T. Anglemyer, Department of Operations Research
Second Reader: Lyn R. Whitaker, Department of Operations Research
Human immunodeficiency virus (HIV) remains a major health threat for the United States and the world, and 
HIV has affected the lives of millions of people, including members of the U.S. military. The objective of this 
thesis is to analyze how HIV-positive active duty members use military healthcare.  Using the dataset of active 
duty members who are currently engaging in the U.S. military HIV Natural History Study cohort, the analy-
sis examines the relationship among the annual number of appointments, the top three medical reasons for 
the appointments, the clinical laboratory data, and the patient’s healthcare utilization during a period of five 
years after seroconversion. The four final models incorporated multiple linear regression, logistic regression, 
random forests, and cross-validation. These models can provide useful insights and predictions on healthcare 
utilization so that Department of Defense medical planners can forecast and manage an appropriate amount 
of HIV care resources in the future.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59572
Keywords: HIV, human immunodeficiency virus, patient care utilization in DoD
OPTIMIZING MARINE CORPS SECONDARY REPARABLE MAINTENANCE 
This paper has been recognized as outstanding by its department.
Nicholas Rice, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Robert F. Dell, Department of Operations Research
Co-Advisor: Javier Salmeron, Department of Operations Research
Second Reader: Geraldo Ferrer, Graduate School of Business and Public Policy
The Marine Corps manages a centralized secondary reparable inventory of over 1,000 different items with an 
enterprise-wide retail value of more than $600 million. These secondary reparable items are those components 
and subcomponents deemed economical to repair based on their expected costs and life cycles. The current 
ad hoc procedure to determine how to replenish each damaged secondary reparable relies on coordination 
between multiple organizations using information from various sources and varies from location to location. 
Ongoing Marine Corps efforts aim to determine the effectiveness of the Centralized Secondary Reparable 
Management Program by analyzing the cost and quality of these repairs and assessing the current manning 
of Marine maintenance activities. This thesis develops optimization models to assist in the determination of 
how to conduct these component repairs in the timeliest and least costly manner. Results from the model dem-
onstrate the value of the organizations currently integrated into the secondary repairable maintenance cycle. 
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Additionally, the solution provides strong evidence to support repair policies based on national stock numbers 
and location, drastically reducing the complexity of the current ad hoc procedures. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59573
Keywords: optimization, Marine Corps, secondary reparable, maintenance
PREDICTING U.S. ARMY FIRST-TERM ATTRITION AFTER INITIAL ENTRY TRAINING
Karey J. Speten, Major, United States Army Reserve
Master of Science in Operations Research
Advisor: Andrew T. Anglemyer, Department of Operations Research
Second Reader: Jonathan K. Alt, U.S. Army TRADOC Analysis Center
The United States Army recently announced a reduction of its 2018 recruiting goal due to a challenging recruit-
ing environment and a shrinking population of eligible candidates. However, the Sergeant Major of the Army 
has stated that the current improvement in the retention of existing soldiers should mitigate the loss of new 
recruits. The goal of this research is to identify demographic and administrative factors of active-component, 
first-term enlisted soldiers who have completed their Initial Entry Training to construct predictive models 
capable of identifying soldiers with high chances of failure in completing their initial contractual obligation. 
We construct a binary logistic regression model and a random forest classification model to predict a soldier’s 
probability of first-term attrition based on the individual’s unique service record. We find that a soldier’s de-
ployment history and the duration of the initial contract are significant predictors of whether a soldier will 
complete his or her first term. Knowledge of the key factors and other influencing variables assists the Army 
Resiliency Directorate in creation of models and tools to better advise Army leadership and development of 
intervention strategies and preventative measures to prevent the loss of first-term soldiers.
See full thesis text: https://calhoun.nps.edu/handle/10945/59593
Keywords: Army, attrition, logistic regression, random forest, enlisted, retention, first-term, classification, 
predict, tree
A HYBRID SAMPLING METHOD FOR THREE-WAY CONTINGENCY TABLES
Aaron Stone, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Ruriko Yoshida, Department of Operations Research
Second Reader: Matthew Norton, Department of Operations Research
We develop an algorithm blending sequential importance sampling (SIS) and Markov chain Monte Carlo 
(MCMC) to conduct goodness of fit testing on three-way contingency tables under the no-three-way interac-
tion model. Unlike previous studies, we conduct SIS utilizing the hypergeometric distribution. Further, our 
hybrid method capitalizes on the positive aspects of SIS and MCMC while reducing their inefficiencies. We 
demonstrate the algorithm’s performance on equal marginal data sets to highlight computational speed and 
accuracy. We then demonstrate the algorithm in accurately constructing the null distribution for dense tables 
that satisfy the asymptotic distribution assumptions. With this result in mind, we estimate the null distribu-
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tion for sparse tables that violate these assumptions. Our hybrid scheme is shown, via simulation, to be more 
accurate than simply using the asymptotic distribution for sparse tables.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59595
Keywords: sequential importance sampling, SIS, Markov Chain Monte Carlo, MCMC, contingency table, 
exact inference
GENERATING EFFICIENT AND ROBUST SCHEDULES TO 
DELIVER BULK FUEL VIA AMPHIBIOUS CONNECTORS
Coleman W. Strickland, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Michael P. Atkinson, Department of Operations Research
Second Reader: Kyle Y. Lin, Department of Operations Research
During an amphibious operation, transporting Marine Expeditionary Unit (MEU) resources from ship to 
shore is a burdensome endeavor full of risks and complexity. Current scheduling techniques are arduous and 
time consuming, resulting in inefficiencies in the transition of resources from sea to land. Planners need an 
effective tool to limit these inefficiencies in an effort to expedite and prioritize the movement of supplies. 
In 2017, Major Robert Christafore developed the MEU Amphibious Connector Scheduler (MACS) tool to 
optimize the delivery of bulk fuel to forces ashore. This thesis further improves the MACS model to develop 
models and algorithms capable of handling bulk fuel delivery across a variety of MEU scenarios. The im-
proved MACS model takes into account multiple objectives, weather implications, and reliability issues, which 
greatly enhances the MACS tool’s ability to deal with real-world situations. The updated model incorporates 
cost penalties, fuel efficiency factors, fuel consumption rates, and risk assessments to better facilitate planning.
See full thesis text: https://calhoun.nps.edu/handle/10945/59597
Keywords: Marine Expeditionary Unit, MEU, Marine Expeditionary Unit Amphibious Connector Schedule, 
MACS, bulk, fuel, planning
PREDICTING THE SPREAD OF TERRORIST ORGANIZATIONS USING GRAPHS
This paper has been recognized as outstanding by its department.
Anthony B. Vanderzee, Captain, United States Marine Corps
Master of Science in Operations Research
Advisor: Samuel H. Huddleston, Department of Operations Research
Co-Advisor: Jesse R. Hammond, Department of Defense Analysis
Second Reader: Ruriko Yoshida, Department of Operations Research
The U.S. Defense and Intelligence communities expend vast amounts of resources tracking and trying to 
predict the geographic spread of terrorist groups such as the Islamic State of Iraq and Syria (ISIS). Current ap-
proaches to this problem use a variety of social, demographic, and geographic data to make predictions about 
the spread of a terrorist organization. We demonstrate a novel approach that converts the geographic area of 
interest, Iraq and Syria, into a graph with the populated places as nodes and the road network as the edges of 
the graph. We then use this graph to compute graph-based statistics such as measures of centrality and first-
order neighbor statistics on the nodes in the graph. By adding the graph-based features, we combine social, 
demographic, and geographic data with data that quantifies the relationships between the populated places 
in Iraq and Syria.  This ultimately improves predictive performance for predicting future territorial gains and 
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losses by ISIS. Furthermore, our models demonstrate that the graph-based features are the most influential 
variables in predicting whether or not a node will be in or out of ISIS territory.
See full thesis text: https://calhoun.nps.edu/handle/10945/59610
Keywords: geospatial analysis, graph analysis, network analysis, terrorism, machine learning
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EFFECTS OF PROPAGATING SUBMERGED OBJECTS ON DIFFUSIVE STAIRCASES
James E. Davis, Lieutenant, United States Navy
Master of Science in Physical Oceanography
Advisor: Timour Radko, Department of Oceanography
Second Reader: John E. Joseph, Department of Oceanography
With the Arctic ice pack melting, and the realization of vast economic opportunity becoming apparent, the 
U.S. Navy may deploy warships in the Arctic Ocean to protect American national interests. Before entering a 
new area of operations, the Navy should conduct a thorough study of the environment in order to maintain a 
competitive advantage over potential adversaries. A feature of the Arctic Ocean that merits advance study is 
thermohaline staircases, which have been identified as one of the key processes affecting the diapycnal heat 
transport in the high-latitude oceans and, ultimately, the melting of the sea-ice. Thermohaline staircases are 
commonly occurring in the main halocline of the Arctic Ocean. This study uses numerical simulations to 
model an object travelling through diffusive staircases to understand the resilience of staircases, their ability 
to maintain the vertical heat transport, and the ability to detect the persistent hydrodynamic signatures of 
propagating submersibles. The results show that hydrodynamic signatures of a submerged object travelling 
through a staircase can be detected long after its passage. The time it takes for the thermohaline staircase to 
reform depends critically on both characteristics of the submersible and the environmental parameters. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59647
Keywords: diffusive staircase, physical oceanography, non-acoustic detection
APPLICATION OF MACHINE LEARNING TECHNIQUES TO 
IDENTIFY FORAGING CALLS OF BALEEN WHALES
Michelle Tanalega, Lieutenant, United States Navy
Master of Science in Physical Oceanography
Advisor: John E. Joseph, Department of Oceanography
Co-Advisor: Tetyana Margolina, METOC and USW Programs Office
An unsupervised machine learning algorithm has been applied to passive acoustic monitoring datasets to 
detect and classify foraging calls of blue whales, Balaenoptera musculus, and fin whales, Balaenoptera physalus. This 
approach involves using a k-means clustering algorithm to cluster data based on common features, which 
produces a number of specified centroids. The centroids are then compared to machine-selected candidates 
for classification. Once divided into initial clusters, further clustering is done to fine-tune results. Preliminary 
testing of the algorithm yielded promising results. The cross-validation method and the DCLDE 2015 scoring 
tool were used to estimate out-of-sample performance of the detection algorithm.  The automated detector/
identifier has been applied to data collected during different seasons, and its performance was analyzed for 
various types of noise present in data, signal-to-noise ratios, and acoustic environment.  The advantages of this 
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 approach over traditional manual scanning are increased reliable performance and time and cost efficiency. 
This approach could potentially be a faster method of sorting and classifying large acoustic data sets.
See full thesis text: https://calhoun.nps.edu/handle/10945/59603
Keywords: machine learning, k-means, baleen whales, foraging calls
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DUAL-HARDNESS TITANIUM BODY ARMOR FOR CONCEALABLE APPLICATIONS
Berl Mclaurin, Ensign, United States Navy
Master of Science in Physics
Advisor: Raymond M. Gamache, Department of Physics
Second Reader: Emil P. Kartalov, Department of Physics
A current need exists to develop a lightweight, low-profile armor system capable of defeating a 7.62x39mm ball 
round at muzzle velocity. Three design requirements must be met within the development of this system: areal 
density less than 5lbs/ft2, an overall thickness of less than 8mm, and formability to match torso contours. This 
study focuses on pure titanium (Ti) (Grade 2) and a single titanium alloy, Ti6Al4V (Grade 5). Both materials 
exhibit superplastic behavior to enable shaping to the torso. Initial studies focus on laminate systems of both 
homogeneous and heterogeneous layered structures to investigate pressure reduction mechanisms. In addition 
to layered systems, hard front face coatings are studied as an alternative approach to reducing the penetration 
pressure through initial blunting of the incident projectile. Test configurations are investigated both experi-
mentally and through hydrocode modeling.
See full thesis text: https://calhoun.nps.edu/handle/10945/59720
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CAN THE OUTER SPACE TREATY PREVENT CONFLICTS 
IN ORBIT IN THE 21ST CENTURY?
Nicole M. Breen, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: James C. Moltz, Department of National Security Affairs
Second Reader: Charles M. Racoosin, Space Systems Academic Group
The rapid increase of space activity in the 21st century has raised questions about the adequacy of the 1967 
Outer Space Treaty (OST) to govern orbital activities and prevent future international conflicts. This thesis 
analyzes the OST’s ability to address critical emerging problems across three issue areas: orbital space debris, 
the weaponization of space, and asteroid and Moon mining. It concludes by arguing that the language within 
the OST does not adequately address these emerging problems, which could lead to possible conflicts in each 
of these issue-areas. This thesis offers several possible policy recommendations for consideration by U.S. deci-
sion makers to promote a future framework of stability and longevity in the use of space: 1) transfer responsi-
bility for tracking non-military satellites and space debris in low earth orbit from the military to commercial 
space companies; 2) review the current 25-year guideline for de-orbiting satellites for adequacy; 3) propose a 
moratorium to China and Russia on further anti-satellite weapons testing; 4) prohibit nefarious behavior in 
space, rather than trying to prohibit dual-use technologies; 5) initiate talks with Russia and China to reevalu-
ate and discuss the Moon Treaty; and 6) reach out to interested State Parties in the OST to coordinate future 
space mining legislation.
See full thesis text: https://calhoun.nps.edu/handle/10945/59607
Keywords: Outer Space Treaty, OST, space debris, space weaponization, space mining
FORESTRY IDENTIFICATION WITH LIDAR WAVEFORM AND POINT CLOUDS
Andrew S. Davis, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Richard C. Olsen, Department of Physics
Co-Advisor: Jeremy P. Metcalf, Department of Physics
The aim of this study was to analyze discrete and waveform data to improve existing terrain classification 
capabilities. Light detection and ranging (LiDAR) data were collected over Point Lobos State Park, which 
contains various buildings, vegetation, and man-made surfaces. Data were used from two separate airborne 
LiDAR systems, Optech Titan and Airborne Hydrography AB Chiroptera II. Classic standard point cloud 
analysis techniques were used with the discrete data. Waveform data were analyzed following a gridding or ras-
terization process to enable visualization and processing. Analysis approaches used were ENVI classification 
tools such as support vector machines, spectral angle mapper, maximum likelihood, and K-means to classify 
returns. Through the use of this analog to hyperspectral data analysis to classify vegetation and terrain, the 
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results are that, by using the support vector machines with full waveform data, we can successfully improve 
low vegetation classifiers by 40% and differentiate tree types (pine/cypress) at 40–60% accuracy.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59646
Keywords: LiDAR, light detection and ranging, full waveform LiDAR, remote sensing, terrain classification, 
TERCAT, laser altimetry, Support Vector Machines
INTEGRATION AND IMPLICATION OF SPACE EDUCATION 
AT THE UNITED STATES NAVAL ACADEMY
Kate J. Herren, Captain, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: Daniel W. Bursch, Space Systems Academic Group
Second Reader: Stephen H. Tackett, Space Systems Academic Group
Space competency is critical to winning our future wars. Over the past 60 years, the United States Navy (USN) 
has played an essential role as an active enabler of space-based capabilities. In this day and age, when adversar-
ies continue to mature their own space capabilities to deny U.S. capabilities, further developing space-based 
systems for Naval and Marine Corps operations is imperative. While the USN’s professional Naval Space 
Cadre has grown in numbers and improved its proficiency in recent years, the USN must invest in space sup-
port to the warfighter in order to increase space-based fleet training that will strengthen the cadre as well as 
the end users. This thesis identifies gaps in the space-based education that is being provided to the Midship-
men at the U.S. Naval Academy. This study finds that the U.S. Naval Academy needs to increase awareness of 
the Navy and Marine Corps’ reliance on space-based systems and to emphasize the growing need for space 
professionals through education. Expanding curricula to Midshipmen on space-based systems and operations 
could be the key to enhancing the Navy Space Cadre for the future and protecting warfighters.
See full thesis text: https://calhoun.nps.edu/handle/10945/59681
Keywords: space education, Naval Academy, Navy Space Cadre
FLIGHT QUALIFICATION OF A TERAHERTZ IMAGING 
CAMERA AS A CUBESAT PAYLOAD
Sarah J. Kline, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Wenschel D. Lan, Space Systems Academic Group
Co-Advisor: James H. Newman, Space Systems Academic Group
This thesis builds on the existing research of the Sensor Research Laboratory and the Space Systems Academic 
Group (SSAG) at the Naval Postgraduate School to integrate an 80-micron terahertz (THz) imaging camera 
(TIC) as a CubeSat payload. This research investigates the potential utility of THz imaging and long-wave 
infrared (IR) imaging at room-temperature (20°C) cooling for applications of national interest, such as space 
situational awareness. Long-wave IR imaging capability already exists and typically requires a large cryocooler 
to maintain cryogenic temperatures (3–70 K); efficient IR imaging at room temperature is an emerging tech-
nology. Additionally, this thesis examines the integration and test effort associated with flight qualifying the 
TIC engineering development unit onto the SSAG-developed high altitude balloon bus. This thesis contrib-
utes to the overall objective of integrating and flight qualifying the TIC as a payload compatible with a variety 
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of buses. Integrating and testing the TIC EDU on a CubeSat attains focused research objectives of national 
interest and supports Department of Defense Space efforts in the utilization of very small satellites.
See full thesis text: https://calhoun.nps.edu/handle/10945/59702
Keywords: terahertz imaging camera, TIC, CubeSat, high altitude balloon, HAB
CUBESAT PASS QUALITY ANALYSIS AND PREDICTIVE MODEL
This paper has been recognized as outstanding by its department.
John J. Leone III, Major, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: James H. Newman, Space Systems Academic Group
Second Reader: Giovanni Minelli, Space Systems Academic Group
The current ground station infrastructure of the Naval Postgraduate School (NPS) Mobile CubeSat Com-
mand and Control (MC3) Network can sufficiently manage the existing three CubeSats that it has been tasked 
to monitor and control. However, the projected growth in the quantity of these satellites will produce greater 
likelihood of conflicting passes, a condition where multiple CubeSats are above the horizon simultaneously 
with respect to a single ground station and are competing for limited downlink antenna assets. Consequently, 
as more CubeSats are placed in orbit, the ground stations that communicate with them need to become more 
efficient and require optimization strategies to make best use of the network. Using the MC3 historical data 
set for its PropCube satellites, this thesis creates a grading scale that can be used to prioritize which PropCube 
should have antenna priority based on the expectation of downlinking data and when during the satellite’s 
pass an operator should expect to capture that data. This value function can be used by an optimization pro-
gram, such as that being developed in the NPS Small Satellite Laboratory, to maximize the data retrieved from 
a constellation of satellites. Additionally, the tools developed for analyzing and understanding MC3 PropCube 
passes can be used to determine value functions for other ground station networks in order to efficiently 
schedule CubeSat contacts.
See full thesis text: https://calhoun.nps.edu/handle/10945/59708
Keywords: Mobile CubeSat Command and Control, MC3, Satellite Operations Center, SOC, Cube Satellite, 
CubeSat, PropCube, conflicting pass, antenna prioritization, pass prioritization, ground station optimization, 
saturation, scheduling, pass density, pass quality metric, pass value function, predictive model, benefit value 
function, whole pass analysis, segmented pass analysis, ascending pass, descending pass, preamble, decode, 
noise environment, free space loss, interference, MATLAB, STK
COALITION SPACE OPERATIONS:  EXPLORING NEW PATHS FOR ALLIED PARTNERSHIP
Robert H. Manuel, Major, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: James C. Moltz, Department of National Security Affairs
Second Reader: Alan D. Scott, Department of International Programs
The use of satellites to support military operations has grown dramatically in recent years, which has increased 
the exposure of military satellite systems to targeting. To combat this risk to its space systems, the Department 
of Defense has prescribed increased military space cooperation with the United States’ closest friends and al-
lies.  This thesis investigates the United States’ history of partnering with three of its closest allies—France, 
Australia, and Japan—since the dawn of the space age to see where the best opportunities for enhanced mili-
tary space cooperation exist today.  It finds that changes in the military space organizations, capabilities, and 
policies of these three allies since 2008 have significantly increased the ability of their militaries to collaborate 
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fruitfully with the Department of Defense.  Furthermore, aided by the ongoing growth of their military space 
cadres, collaboration with these countries can expand from a traditional focus on technical applications into 
combined education, doctrine, and policy.  The thesis closes on a cautionary note, arguing that the Depart-
ment of Defense needs to carefully consider how it will develop trust with foreign spacefaring militaries, with 
the Department of Commerce likely to assume responsibility for the foreign engagement associated with the 
United States’ space situational awareness data-sharing agreements by 2024.  
See full thesis text: https://calhoun.nps.edu/handle/10945/59715
Keywords: France; Australia; Japan, national; security; space; strategy; international; cooperation; coop-
erate, collaboration; collaborate; military; coalition; allies, Ally; satellite communication; SATCOM; Intel-
ligence, surveillance, and reconnaissance; ISR; position, navigation, and timing; PNT; defense; satellite; 
launch; policy; SSA; engagement; awareness; disaggregate 
SMALL SATELLITE SENSOR AND PROCESSING ANALYSIS 
FOR MARITIME DOMAIN AWARENESS
Jeremy A. Mcgowan, Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Charles M. Racoosin, Space Systems Academic Group
Co-Advisor: Wenschel D. Lan, Space Systems Academic Group
The potential feasibility for on-board image processing on small satellites was investigated to meet rapid revisit 
requirements for maritime domain awareness. Hardware and software solutions for on-board processing were 
explored. Resolution requirements for use of satellite imagery to both determine the type and class of a ship 
were investigated. Current small satellite imaging sensor technology was discussed to meet this resolution re-
quirement. Current unclassified ship detection and classification software developed by Space and Naval War-
fare Systems Command was researched and discussed as a possible solution and also to gain an understand-
ing of current image processing software capabilities and shortcomings for identifying and classifying ships. 
Consequently, the state of the art for satellite digital image processing was investigated, along with computer 
vision and machine learning techniques. MATLAB was used to simulate the effectiveness of current forms of 
these techniques on high-resolution satellite imagery for certain ship classes. Processing hardware and artifi-
cial intelligence image processing algorithms for detecting and classifying ships within images were found to 
be not yet suited to full automation and hosting on a small satellite. Further research and development efforts 
are needed in this area.
See full thesis text: https://calhoun.nps.edu/handle/10945/59719
Keywords: digital image processing, small satellites, artificial intelligence, computer vision, machine learning, 
graphics processing unit, GPU, tensor processing unit, TPU, image compression, algorithms, image sensor, 
deep neural networks, convolutional neural networks, support vector machines
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CRITICAL VULNERABILITIES IN THE SPACE DOMAIN: USING NANOSATELLITES 
AS AN ALTERNATIVE TO TRADITIONAL SATELLITE ARCHITECTURES
This paper has been recognized as outstanding by its department.
Philip C. Swintek, Major, United States Army
Master of Science in Defense Analysis (Irregular Warfare) 
and Master of Science in Space Systems Operations
Advisor: Leo J. Blanken, Department of Defense Analysis
Advisor: Wenschel D. Lan, Space Systems Academic Group
Co-Advisor: Scott M. Moore, Space Systems Academic Group
Today, the U.S. military relies upon space-based technology for a myriad of functions from precision navi-
gation to satellite communication. Satellites greatly enable the modern American military and particularly 
empower special operations forces across the globe, supporting decentralized and geographically disparate 
operations. However, the United States is highly reliant upon this technology and thus increasingly vulnerable 
with potential adversaries undoubtedly possessing, or at least cultivating, the ability to attack America’s space-
based infrastructure. As a safeguard against such vulnerabilities, nanosatellites, cube satellites (CubeSats), and 
other small satellites are a low-cost and expedient solution to build redundancy and resiliency, offering unique 
options as an alternative to traditional satellite systems. To support this hypothesis, this thesis provides such 
an alternative: A Software Assisted VHF Information Overhead Relay-CubeSat (SAVIOR-Cube). SAVIOR-
Cube is a software-defined radio (SDR) payload operating as a very high frequency (VHF) relay via a nanosat-
ellite in low Earth orbit. This thesis demonstrates the depth of the problem a payload such as SAVIOR-Cube 
could solve, the applicability of nanosatellite solutions to U.S. forces today, and the results of extensive testing, 
culminating with a proof of concept high-altitude balloon flight. Nanosatellites are a viable alternative to tra-
ditional space-based infrastructure—a solution to a critical vulnerability.
See full thesis text: https://calhoun.nps.edu/handle/10945/59600
Keywords: satellite communication, SATCOM, nano satellites, cube satellites, CubeSats, very high frequency, VHF, 
space-based technology, special operations forces, SOF, software-defined radio, SDR, VHF relay, high altitude bal-
loon, HAB, Software-Assisted VHF information overhead relay-CubeSat, SAVIOR-Cube
OPTIMIZATION OF CUBESAT GROUND STATIONS 
FOR INCREASED SATELLITE NUMBERS
Andrea J. Writt, Captain, United States Marine Corps
Master of Science in Space Systems Operations
Advisor: James H. Newman, Space Systems Academic Group
Co-Advisor: Giovanni Minelli, Space Systems Academic Group
This thesis contributes to the growing body of research concerned with the issue of the increasing numbers of 
government small satellites (SmallSats) and the limited number of ground stations available to support these 
missions. To understand this “many satellite, few ground station” problem, a Monte Carlo simulation is used 
to identify the point at which a single ground station is expected to be overwhelmed, specifically looking at 
the case of the Mobile CubeSat Command and Control ground station at the Naval Postgraduate School . 
Ground station saturation is defined in terms of data downlink requirements and the increasing number of 
conflicting passes as the number of SmallSats grows. An assessment of when one ground station becomes 
insufficient for a growing number of SmallSats is the result. The MATLAB software tools created to generate 
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these scenarios are generic and can be used to extend this work to investigate other scenarios of SmallSats and 
multiple ground stations. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59624
Keywords: small satellites, SmallSats, cube satellites, Cubesats, Monte Carlo simulation, Mobile CubeSat 
Command and Control, MC3, satellite operations center, SOC, pass conflicts, ground station optimization, 
ground station saturation 
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DEVELOPING THE MINE OF THE FUTURE — THE MADMAN (MARITIME 
AREA DENIAL MINE WITH AUTONOMOUS NAVIGATION)
Jose E. Balderrama, Civilian, Department of the Navy
Master of Science in Systems Engineering
Alan Crocker, Civilian, National Aeronautics and Space Administration
Master of Science in Systems Engineering
Mia Moore, Civilian, Department of the Navy
Master of Science in Engineering Systems
Stephen T. Pease, Civilian, Department of the Navy
Master of Science in Engineering Systems
Vincent J. Ragona, Lieutenant Commander, United States Navy
Master of Science in Systems Engineering
Co-Advisor: Mark M. Rhoades, Department of Systems Engineering
Co-Advisor: John M. Green, Department of Systems Engineering
The Maritime Area Denial Mine with Autonomous Navigation (MADMAN) project provides a means for 
asserting maritime dominance through integration of intelligence into mines. This project identifies a path 
toward reinvigorating mine warfare innovation to develop the mine of the future, MADMAN. Modeling 
and simulation tools reveal that the highest mission success probabilities support an unmanned underwater 
vehicle (UUV) option. By integrating current, available systems, a resulting system of systems provides a 
cost-effective means to develop a mine that is capable of autonomously transiting to a location, arming itself, 
performing missions, and increasing personnel safety. Using a capability engineering approach, this study 
identifies an overall target probability of success for the system of systems. This overall success probability 
decomposes the individual systems and highlights their level of impact on overall success. Analyzing these 
impacts allows tailoring of each system to provide improved mining and cost savings while meeting project 
requirements. The resulting collaboration between UUV designers and military engineers ensures a modern 
arsenal for a modern world. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59582
Keywords: unmanned undersea vehicle, countermeasures, mine laying, mine placement, UUV, autonomous, 
MADMAN, mine warfare, autonomous mine deployment
The following theses and capstone project reports were produced by residential or distance-learning 
students in the systems-engineering curriculum. The degrees awarded include Masters of Science 
in Systems Engineering, Systems Engineering Analysis and Systems Engineering Management.
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DATA FUSION ARCHITECTURES FOR UNDERSEA WARFARE 
WITH AUTONOMOUS UNDERWATER VEHICLES
Michelle L. Bones, Civilian, Department of the Navy
Master of Science in Systems Engineering
Leonard P. Bunch, Commander, United States Navy
Master of Science in Systems Engineering
Kenneth C. Fisher, Lieutenant, United States Navy
Master of Science in Systems Engineering
Stephanie F. Mara, Civilian, Department of the Navy
Master of Science in Engineering Systems
Alex Stone, Lieutenant, United States Navy
Master of Science in Systems Engineering
Co-Advisor: Mark M. Rhoades, Department of Systems Engineering
Co-Advisor: John M. Green, Department of Systems Engineering
This capstone report examines the concept of combining mobile and stationary underwater sensors into a 
coherent, distributive network. This project presents a baseline architecture for a data fusion system that facili-
tates the near real-time exchange of information from disparate sources. This architecture, in turn, provides a 
basis for further system development and guides future studies of relevant data/information fusion concepts 
and technologies for applications to anti-submarine warfare (ASW) and mine warfare. This study uses the 
unique approach of inverse systems engineering to design an architecture based on the ASW kill chain, and 
the probability of success in detecting, classifying and tracking underwater objects. The probability of success 
is then measured against the same probability of success of a human ASW operator to determine the adequacy 
of design. The team utilized ExtendSim software to model and simulate the architecture to validate functional 
capability and improved performance over the human ASW operator. The resulting architecture facilitates the 
successful integration of passive acoustic sensor information with intelligence products and timely distribution 
of fused data across manned and unmanned platforms. The architecture also allows for future growth into ac-
tive acoustic sources, environmental data sources, non-traditional ASW sources such as radar, and electronic 
support measures.
See full thesis text: https://calhoun.nps.edu/handle/10945/59583
Keywords: data fusion, anti-submarine warfare, inverse systems engineering, data fusion architecture
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SEABED WARFARE AND THE XLUUV
Christopher J. Carr, Civilian, Department of the Navy
Master of Science in Systems Engineering
Jahdiel Franco, Civilian, Department of the Navy
Master of Science in Systems Engineering
Cheryl Mierzwa, Civilian, Department of the Navy
Master of Science in Systems Engineering
Lewis B. Shattuck IV, Civilian, Department of the Navy
Master of Science in Systems Engineering
Melissa A. Suursoo, Civilian, Department of the Navy
Master of Science in Engineering Systems
Co-Advisor: Richard D. Williams III, Department of Systems Engineering
Co-Advisor: Eugene P. Paulo, Department of Systems Engineering
Co-Advisor: Paul T. Beery, Department of Systems Engineering
Seabed warfare is quickly becoming one of the most important new research areas for the U.S. Navy. Defin-
ing seabed warfare is a challenge faced by many as research continues in this new and innovative field. The 
problem of developing a concept of operations for performing seabed warfare operating in both offensive and 
defensive environments is increasingly important as the need to complete kill chains without placing high-
value assets at risk rises. With the introduction of the new extra-large unmanned undersea vehicle (XLUUV), 
there is an interest in determining the utility of the XLUUV in performing seabed warfare. There are many 
potential capabilities to unlock within the seabed warfare field. This report takes the concept of kill box, a 
three-dimensional area used to facilitate the integration of coordinated joint weapons fire, and applies it to a 
new domain: undersea. The kill box includes seabed sensors; intelligence, surveillance, and reconnaissance 
devices; and effects devices. This paper provides a concept of operations for seabed warfare in an undersea kill 
box with simulation results to determine the utility of the XLUUV.
See full thesis text: https://calhoun.nps.edu/handle/10945/59584
Keywords: seabed warfare, extra-large unmanned underwater vehicle, XLUUV, kill box
TESTING STABILITY WITHOUT PENDULUMS: A FEASIBILITY ANALYSIS 
Patrick B. Frain Jr., Lieutenant, United States Coast Guard
Master of Science in Systems Engineering
Advisor: Fotis A. Papoulias, Department of Systems Engineering
Second Reader: Matthew G. Boensel, Department of Systems Engineering
Current International Maritime Organization  and U.S. Coast Guard regulations require inclining tests of ves-
sels to use three heel-measuring devices, one of which must be a pendulum. This is a problem since pendulums 
are required to be at least 10 feet in height, and newer vessel designs are constrained by overhead clearance and 
deck space. To investigate this problem, this thesis examines five different stability test results that were sub-
mitted to the U.S. Coast Guard Marine Safety Center . The author identified and inputted random error into 
the independent variables used to calculate each vessel’s metacentric height (GM). The independent variables 
were then used in a design of experiment to examine which factors had the strongest effect on GM. Of the 
factors analyzed, the device used to measure heel angle proved to be the most significant.  The author then 
constructed three different miniature models to conduct inclining experiments in a controlled environment. 
The heel-measuring devices used during these experiments were a smartphone and pendulum. In all three 
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miniature model experiments, the smartphone demonstrated better precision than the pendulum. This thesis 
recommends keeping current standards and regulations intact until further data and research are gathered. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59662
Keywords: incline experiment, stability test, metacentric height, GM, pendulum, digital inclinometer 
ANALYSIS OF SHIPBOARD EFFECTS AND COVERAGE FOR THE 
INTEGRATION OF A HIGH-ENERGY LASER ON A LPD 17
Scott J. Gildemeyer, Lieutenant, United States Navy
Master of Science in Systems Engineering
Dale B. Hager, Civilian, Department of the Navy
Master of Science in Engineering Systems
Dean Liensdorf, Civilian, Department of the Navy
Master of Science in Systems Engineering
Adrien C. Malone, Lieutenant, United States Navy
Master of Science in Systems Engineering
Kelly A. Mugerditchian, Civilian, Department of the Navy
Master of Science in Engineering Systems
Co-Advisor: John M. Green, Department of Systems Engineering
Co-Advisor: Bonnie W. Johnson, Department of Systems Engineering
The project studied high-energy laser (HEL) integration into the Navy fleet using a systems engineering ap-
proach to identify the integration trade space with the objective of analyzing a systems engineering integra-
tion concept for the HEL applicable to LPD 17 class ships. Among the considerations for integrating a new 
weapon system, identification of a suitable location took priority. Minimum acceptable locations were based 
upon available size, weight, power, and cooling factors. Four single-HEL placement alternatives were identi-
fied, which formed the basis for four additional alternatives created by combining fore and aft pairs. These 
eight alternatives were evaluated in comparison to one another to determine which provided the greatest 
overall capability and were least likely to suffer performance-degrading effects. From among the system re-
quirements, five evaluation criteria were developed. These criteria used measures from scaled ship drawings to 
determine azimuthal and elevation coverage and the relative likelihood of effects from turbulence, environ-
ment, and shipboard operations. The concept study resulted in a recommendation for further studies and a 
more complete integration analysis.
See full thesis text: https://calhoun.nps.edu/handle/10945/59586
Keywords: Navy, high-energy laser, weapons system, topside integration, systems engineering, LPD 17 class 
ship
UTILIZING A MODEL-BASED SYSTEMS ENGINEERING APPROACH 
TO DEVELOP A COMBAT SYSTEM PRODUCT LINE
Robert Hall, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: John M. Green, Department of Systems Engineering
Co-Advisor: Raymond J. Madachy, Department of Systems Engineering
Second Reader: Douglas Van Bossuyt, Department of Systems Engineering
Current U.S. Navy combat system suites are ship class dependent. There are a variety of configurations that 
include sensors, weapons, and system interfaces to accomplish similar goals. The Navy Surface Warfare Cen-
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ter recommends developing combat system architectures utilizing reusable product line components. This 
recommendation is accomplished by applying model-based systems engineering and product line engineering 
to develop a combat system architecture with planned reuse of system components. Current U.S. Navy and 
European combat systems are reviewed as an introduction to the architecture and components of operational 
systems.  Conducting functional decomposition and identifying commonalities of the reviewed combat sys-
tems allow for development of a system architecture following the Hatley-Pirbhai modeling framework. The 
system architecture helps identify system variability, which, in turn, is used to generate orthogonal variability 
models that are used to design the combat system product line. A product line orthogonal variability model 
features packaged variants for three proposed combat system tiers representing scalable capabilities.  The ben-
efits of a product line engineering approach are validated by a system-level Constructive Product Line Invest-
ment Model. This research provides a methodology and cost modeling tool for future combat system design 
as well as background for further research in combat system product line engineering.
See full thesis text: https://calhoun.nps.edu/handle/10945/59675
Keywords: systems engineering, SE, model-based systems engineering, MBSE, product line engineering, 
PLE, product line, Combat Systems, Constructive Product Line Investment Model, COPLIMO, Hatley-Pirb-
hai modeling, orthogonal variability modeling, future combat systems, surface combatant, Aegis
DESIGN STRATEGIES AND TACTICS TO DEFEAT CO-
ORBITAL ANTI-SATELLITE CAPABILITIES
This paper has been recognized as outstanding by its department.
Edward A. Hanlon, Ensign, United States Navy
Master of Science in Systems Engineering
Advisor: Oleg A. Yakimenko, Department of Systems Engineering
Co-Advisor: George Boyarko, Air Force Space Command (AFSPC)
Second Reader: Douglas Van Bossuyt, Department of Systems Engineering
Spacecraft play an increasingly significant role in U.S. military operations. For adversaries looking to degrade 
the United States’ capability to mitigate tactical advantage, this reliance provides another attack vector and 
represents a potential U.S. weakness. Recent technological developments have resulted in the increased prolif-
eration of “attack” satellites. A strong understanding of the orbital domain and orbital dynamics is necessary 
to effectively evade these attackers. As in the early days of aviation, space innovation has outpaced existing 
tactics, techniques and procedures. This thesis aims to provide an overview of the domain and possible eva-
sive maneuvers to facilitate further tactics development. It begins with an overview of the threat landscape to 
provide background on what to expect and proceeds to discuss what positions of advantage are in space and 
how thrust commands translate to maneuvers at different time scales. It details the development of an engage-
ment simulator and provides insight as to the effect of various evasion thrust patterns. From this, an evasion 
tactic is developed and tested in the simulator. This tactic proves effective in evading an aggressor while also 
demonstrating substantial fuel savings over alternative methods. Finally, different spacecraft parameters are 
compared to determine which hardware improvements provide the best evasive capability.
See full thesis text: https://calhoun.nps.edu/handle/10945/59677
Keywords: satellite, evasion, survivability, anti-satellite, defense, co-orbital, space, maneuver
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THERMODYNAMIC SYSTEM ANALYSIS OF A LIQUID AIR ENERGY STORAGE SYSTEM
Todd A. Howe, Captain, United States Army
Master of Science in Systems Engineering
Advisor: Anthony G. Pollman, Department of Systems Engineering
Second Reader: Eugene P. Paulo, Department of Systems Engineering
Renewable energy generation is intermittent, necessitating energy storage subsystems to provide electricity 
during periods of reduced or no power generation. Liquid air energy storage (LAES) systems, with their high 
energy density and scalability, are a promising method to store energy for intermittent systems.  This thesis 
presents two independent papers for use in the systems engineering process during the conceptualization and 
requirements stage of designing and development a LAES system. The first paper is a closed-form method 
of calculating the compressor work for a modified simple Linde-Hampson system and liquid yield of a binary 
mixture of nitrogen and oxygen using only their respective pure fluid tables. This tool provides a methodol-
ogy to holistically check a vast amount of different potential binary mixtures for use in a LAES system. The 
second paper is an energy and exergy analysis of a LAES system in order to map the trade space and identify 
optimum operating ranges. Additionally, this paper provides insight into potential measures of performance 
and effectiveness of the LAES system. Finally, this thesis presents a valuable Excel add-in tool used to down-
load fluid chemistry tables from the National Institute of Standards and Technology website.
See full thesis text: https://calhoun.nps.edu/handle/10945/59687
Keywords: liquid air energy storage, LAES, energy storage, cryogenic system, binary mixture, liquefaction 
system, thermodynamic analysis, energy analysis, exergy analysis, systems engineering tool, NIST Caddie
CONCEPT OF OPERATIONS FOR USING COMPUTER VISION 
CAPABILITIES ON TACTICAL AIRCRAFT
This paper has been recognized as outstanding by its department.
Justin L. King, Captain, United States Marine Corps
Master of Science in Systems Technology (Command, Control, and Communications)
Advisor: Dan C. Boger, Department of Information Sciences
Co-Advisor: Scot A. Miller, Department of Information Sciences
The integration of computer vision with existing naval aircraft sensors presents an opportunity to leverage 
data that is normally overlooked or discarded. Every day, sensors that are designed to aid aircrews in naviga-
tion or targeting collect thousands of hours of imagery that could be used for intelligence gathering. With no 
intended effect on aircraft mission and aircrew procedures, computer vision could be installed as an add-on 
capability. This thesis develops a basic concept of operations  (CONOPS) for integrating computer vision onto 
tactical naval aircraft. It explores the capabilities of sample aircraft to check the feasibility of aviation-based 
computer vision. The procedures and demonstrated capabilities of the surveillance, persistent observation, 
and target recognition (SPOTR) system were used as a starting point for the CONOPS. Subject matter experts 
were solicited for their initial thoughts and feedback of draft CONOPS. The basic engineering process was 
used as a framework in which to develop the CONOPS. The comparatively short timeline and low cost that an 
add-on computer vision feature could be added to aircraft make systems like SPOTR a viable option to bring 
a new capability to the warfighter. 
See full thesis text: https://calhoun.nps.edu/handle/10945/59698
Keywords: computer vision, machine learning, collection requests, mission orders, concept of operations 
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A COMPARATIVE ANALYSIS OF FUTURE SPACE ORBITAL TRANSPORTATION SYSTEMS
Bryan P. Long, Civilian, Department of the Navy
Master of Science in Systems Engineering Management
Advisor: Marcello Romano, Department of Mechanical and Aerospace Engineering
Co-Advisor: Peter Swan, International Space Elevator Consortium 
Co-Advisor: Mark M. Rhoades, Department of Systems Engineering
This thesis conducts a comparative analysis of future Orbital Transportation Systems (OTSs). Near future 
rocket advancements are compared to future capabilities of a well-documented non-rocket based OTS, the 
space elevator transportation system. Technical and geopolitical impacts of both systems on future space ex-
ploration and the space industry are analyzed. Many new entrants into the space rocket industry are developing 
larger payload capacity rockets and driving down the cost per kilogram to orbit. These advances will lead to 
major improvements in the way spacecraft and satellite engineers will design their future systems with fewer 
payload constraints and lower total mission cost constraints. While beneficial, these advancements in rockets 
could have an adverse effect on the continuing efforts to develop alternate OTSs, such as the space elevator, 
by reducing the research and design (R&D) funding available for those systems. A space elevator offers the 
promise of consistent daily to-orbit transportation with a very large payload capacity at an extremely inex-
pensive cost. For these reasons, the space elevator system is worth the continued R&D investment to address 
major technical challenges in its continued development.
See full thesis text: https://calhoun.nps.edu/handle/10945/59710
Keywords: space elevator, military satellite community, MILSATCOM, carbon nanotube
MODELING ENERGY STORAGE REQUIREMENTS FOR 
HIGH-ENERGY LASERS ON NAVY SHIPS
Daniel A. Michnewich, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Joseph A. Blau, Department of Physics
Co-Advisor: Bonnie W. Johnson, Department of Systems Engineering
Second Reader: Anthony G. Pollman, Department of Systems Engineering
The Navy requires a weapon system that effectively counters swarms of unmanned aerial vehicles (UAVs), 
anti-ship cruise missiles (ASCMs) and small boats to improve the ship’s self-defense capability. The Navy is 
studying the efficacy of laser weapon systems against these threat classes as a complement to existing kinetic 
weapons. While laser weapon systems provide several benefits to Navy ships, they are susceptible to environ-
mental effects and have greater power requirements than are available. Therefore, it is necessary to assess en-
ergy storage systems to meet these power requirements. This study determined the size of the energy storage 
system to defeat enemy swarms that threaten the safety of U.S. Navy ships. The study utilized Atmospheric 
Naval Postgraduate School Code for High Energy Laser Optical Propagation and a discrete event model to 
analytically determine the dwell time a laser weapon system requires for hard kills on ASCM, UAV and fast 
attack craft/fast inshore attack craft threats in a variety of operational conditions. This research varied the 
types of threats and the environmental effects of visibility and air/sea temperature to determine their impact 
on laser performance. Finally, this study conducted a brief comparison of three different types of energy stor-
age systems that support the results of the model.
See full thesis text: https://calhoun.nps.edu/handle/10945/59554
Keywords: energy storage; high-energy lasers; Size, Weight, Power, and Cooling; SWAP-C; LPD-17; turbu-
lence; visibility; systems engineering; modeling 
126
SYSTEMS ENGINEERING
VALIDATION OF ARCHITECTURE MODELS FOR COORDINATION OF 
UNMANNED AIR AND GROUND VEHICLES VIA EXPERIMENTATION
Wyatt T. Middleton, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Gregory A. Miller, Department of Systems Engineering
Co-Advisor: Anthony G. Pollman, Department of Systems Engineering
Second Reader: Albert L. Jordan, Department of Systems Engineering
This thesis presents a model-based systems engineering methodology for employing architecture in system 
analysis (MBSE MEASA) for the cooperation of cross-domain unmanned vehicles conducting humanitarian 
assistance and disaster relief. The comprehensive architecture description developed in this paper uses Systems 
Modeling Language , which supports the assessment of system requirements for systems engineering. It also 
uses the Department of Defense Architectural Framework to expand on the utility of the MEASA method-
ology, providing an additional level of detail for analyzing collaborative cross-domain unmanned systems 
performance. The architecture models focus on the interaction between unmanned air vehicles (UAVs) and 
unmanned ground vehicles (UGVs) and use the relationship of system architecture products and model-based 
systems engineering analysis to quantify system performance. The applied methodology highlights the fea-
sibility of a UAV-UGV team collaboratively conducting structured, rudimentary tasks in a mission scenario. 
The result of this research is a validated and executable system architecture for cross-domain collaborative 
unmanned vehicles. The architecture serves as the conceptual template to guide future research and develop-
ment of unmanned vehicles.
See full thesis text: https://calhoun.nps.edu/handle/10945/59555
Keywords: framework architecture, model-based systems engineering, MBSE, cross-domain, unmanned air 
vehicles, UAV, unmanned ground vehicles, UGV, technical feasibility, military utility, methodology for em-
ploying architecture in system analysis, MEASA, humanitarian assistance, disaster relief, HA/DR
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DISTRIBUTED MARITIME OPERATIONS AND UNMANNED 
SYSTEMS TACTICAL EMPLOYMENT
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Master of Science in Systems Engineering
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Master of Science in Applied Mathematics
Choon Pei Jeremy Teo, Civilian, Defence Science Organization National Laboratories, Singapore
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Licun Edwin Cai, Major, Singapore Army
Master of Science in Operations Research
Wai Hoe Chong, Major, Singapore Air Force
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Rachel Cline, Captain, United States Marine Corps
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Jiesheng Jackson Hong, Lieutenant Commander, Singapore Navy
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Chong Khai Roger Koh, Civilian, Singapore Technologies Electronics
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Wee Leong Lee, Major, Singapore Air Force
Master of Science in Systems Engineering
Jun Jie Lim, Civilian, Singapore
Master of Science in Operations Research
Xinhong Lin, Major, Singapore Air Force
Master of Science in Systems Engineering
Shay Paz Liraz, Captain, Israeli Army
Master of Science in Operations Research
Kai Boon Eugene Mok, Major, Singapore Army
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Alex W. Ryan, Captain, United States Marine Corps
Master of Science in Operations Research
Boon Hong Aaron Teow, Major, Singapore Army
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Andrew R. Whitmer, Lieutenant, United States Navy
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Peter J. Winstead, Lieutenant, United States Navy
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Master of Science in Systems Engineering
Advisor: Paul T. Beery, Department of Systems Engineering 
Co-Advisor: Michael P. Atkinson, Department of Operations Research
The concept of Distributed Maritime Operations (DMO) intends to enable a force that is capable of winning 
a fleet-on-fleet engagement through the integration of manned and unmanned systems, execution of decep-
tive tactics, and emboldening of units to conduct offensive strikes. This report contributes to the concept of 
DMO in the 2030-2035 timeframe through the development of an operational simulation that examines the 
ability of various compositions of multi-domain fleet assets to perform tactical operations in a naval combat 
environment. This project studies the impact of the friendly force employment of deception and tactics against 
an enemy force, and the resulting impact on the adversary’s ability to progress through the various stages of a 
kill chain. Through the development and analysis of a discrete event simulation, this research investigates the 
ability of naval forces in the air, surface, and electromagnetic warfare domains to contribute to DMO through 
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the performance of tactical offensive operations and employment of deceptive tactics. The analysis resulted 
in two major findings. In terms of force composition, an increased number of missile-carrying assets had the 
largest impact on operational effectiveness and survivability. Tactically, the utilization of electronic jamming, 
coupled with the utilization of unmanned deceptive swarms, provided a significant improvement in the sur-
vivability of friendly force assets as well as the attrition of enemy forces.
See full thesis text: https://calhoun.nps.edu/handle/10945/59587
Keywords: Distributed Maritime Operations, DMO, Tactical Employment of Unmanned Systems
A SYSTEMATIC APPROACH TO RELIABILITY-CENTERED MAINTENANCE
Andrew Pritchett, Lieutenant Commander, United States Coast Guard
Master of Science in Systems Engineering
Advisor: Bryan M. O’Halloran, Department of Systems Engineering
Co-Advisor: Anthony G. Pollman, Department of Systems Engineering
Second Reader: Mark Stevens, Department of Systems Engineering
A maintenance philosophy is a strategy for how to best integrate maintenance and repair efforts for a sys-
tem while ensuring that operational requirements are met. Through the incorporation of reliability-centered 
maintenance (RCM), it is possible to observe, test, and inspect operating equipment to determine an optimal 
timeframe for completing this work. This research introduces RCM and develops a five-step methodology, 
founded in systems engineering principles, to capitalize on how to best implement and continuously improve 
a maintenance philosophy. A specific example cited throughout the research is the applicability of this process 
to the U.S. Coast Guard’s newest cutter fleet: the Offshore Patrol Cutter. Through a decomposition of stake-
holder requirements and identification of specific measures of suitability, operating equipment data is analyzed 
and a subsequent recommendation for a philosophy is presented. The process, while iterative, is tailorable to 
any system and is recommended as an initial tool for developing a support strategy with regard to maintenance.
See full thesis text: https://calhoun.nps.edu/handle/10945/59568
Keywords: reliability centered maintenance, U.S. Coast Guard, maintenance philosophy
ANALYZING UUV HULL CROSS-SECTIONS FOR MINIMIZING 
WAVE LOADS WHEN OPERATING NEAR SURFACE
Travis M. Turner, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Joseph Klamo, Department of Systems Engineering
Second Reader: Clifford A. Whitcomb, Department of Systems Engineering
This research considers square and rectangular cross-sectional shapes for unmanned underwater vehicle par-
allel mid-bodies as a means for reducing wave-induced loads when operating near the surface. The inquiry is 
addressed through experimental model testing in a monochromatic wave environment with a circular cross-
section model as a reference. The results suggest that there is a loading difference between rectangular and 
circular models but little difference between circular and square cross-sections. An exponentially decaying 
depth dependency is observed for near-surface depths, which enables extrapolation of predicted forces and 
moments to other operating depths not tested. Reducing the depth further such that the distance between 
the surface and the vehicle center-line is less than the hull diameter exhibits a somewhat different behavior. 
This identifies a very-near-surface region where current modeling is inadequate. Non-circular hull designs 





support further research to determine optimal design points and to evaluate the effects of different designs 
on system architectures.
See full thesis text: https://calhoun.nps.edu/handle/10945/59606
Keywords: unmanned underwater vehicle, UUV, wave loads, hull, hull forms
PREDICTING WAVE-INDUCED LOADS IN COMPLEX 
SEAWAYS ON SHALLOWLY SUBMERGED VESSELS
Andrew R. Whitmer, Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Joseph Klamo, Department of Systems Engineering
Second Reader: Fotis A. Papoulias, Department of Systems Engineering
This thesis analyzes the validity of using linear superposition to accurately predict the forces and moments on 
a shallowly submerged vessel in a complex seaway. Linear superposition implies that the forces and moments, 
due to the complex seaway, are simply the summation of the forces and moments of the single regular waves 
that combine to create the complex seaway. The forces and moments are measured on an unmanned under-
water vehicle-shaped model in the tow tank with wave making capability at the Naval Postgraduate School 
with the aid of various data collection processes. First, the forces and moments due to single regular waves are 
studied. Single regular wave results are then combined to predict what complex waveform loads would be, and 
the accuracy is assessed. The results show that linear superposition is a valid assumption over the wave heights 
and frequencies tested, especially for wavelengths greater than the length of the submerged body when the 
submerged depth is twice the diameter of the body.
See full thesis text: https://calhoun.nps.edu/handle/10945/59622
Keywords: wave-induced loads, near surface operation, shallowly submerged vehicle, multi-component sea-
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